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SUBSTITUTED GROUP 4 METAL COMPLEXES, CATALYSTS AND OLEFIN 
POLYMERIZATION PROCESS 
CROSS-REFERENCE TO RELATED APPLICATIONS 

This application claims benefit of priority from provisional applications 60/170,178, 
5 60/170,177, and 60/170,175, all filed on December 10, 1999. 
FIELD OF THE INVENTION 

This invention relates to a class of metal complexes, the ligands used to prepare these metal 
complexes, polymerization catalysts derived therefrom, and the resulting polymerization processes 
using the same. More particularly, such metal complexes are characterized by a nitrogen containing 
10 aliphatic or cycloaliphatic moiety that is substituted with one or more aiyl groups, an aryl- 

substituted silane bridging group, or one or more Group 14 organometalloid substituents on the 
metal. 

BACKGROUND 

EP-A-923,589, which is equivalent to WO98/06727, published February 19, 1998, disclosed 
1 S Group 4 metal complexes containing a heteroatom substituent at the 3-position of the 

cyclopentadienyl, especially indenyl, ligand groups. Particular heteroatom containing substituents 
included dihydrocarbylamino substituents including dimethylamtno, diethylamino, 
methylethylamino, methylphenylamino, dipropylamino, dibutylamino, piperidinyi, morpholinyl, 
pyrrolidinyl, hexahydro-lH-azepin-l-yl, hexahydro-l(2H)-azocinyl, octahydro-lH-azonin-l-yl, and 
20 octahydro- 1 (2H)-azecinyL 

EP-A-S77,581 discloses unsymmetrical bis-Cp metallocenes containing a fluorenyl ligand 
with heteroatom substituents. E. Barsties; S. Sqhaible; M.-H. Prosenc; U. Rief; W. Roll; O. 
Weyland; B. Dorerer; H.-H. Brintzinger J. OrganometalUc Chem. 1996, 520, 63-68, and H. Plenio; 
D. Birth /. OrganometalUc Chem. 1996, 579, 269-272 disclose systems in which the 
25 cyclopentadienyl ring of the indenyl is substituted with a dimethylamino group in non-bridged and 
Si-bridged bis-indenyl complexes useful for the fonnation of isotactic polypropylene and 
polyethylene. 

Disclosure of random heteroatom substitution in mono-Cp metallocenes is found in 
EP-A-416,815, WO 95/07942, WO 96/13529, and USP's 5,096,867 and 5.621,126. Specific 
30 heteroatom substitution of the 3- and 2- position of indenyl complexes of group 4 metals was 
disclosed in WO98/06727 and WO/98/06728 respectively. 

Despite the advance in the art, particular higher use temperature, obtained by such prior art 
metal complexes as were disclosed in the foregoing reference, there remains a desire for improved 
metal complexes capable of even further increase in use temperature that are still capable of forming 
35 catalyst compositions useful in producing polymers having high molecular weights and, for 
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ethylene/ higher a-olefln copolymers, high incorporation of comonoiner. The subject compositions 
of this invention show unexpected improvement in these desirable features. 
SUMMARY OF THE INVENTIQN 

According to the present invention there are provided metal complexes corresponding to the 
S formula: 




where M is a Group 4 metal that is in the +2, +3 or +4 fonnal oxidation state; 

R^ independently each occurrence is hydrogen, or a hydrocarbyl, halohydrocarbyl, 
hydrocarbyloxyhydrocarbyl, dihydrocarbylaminohydrocarbyl, dihydrocarbylamino, hydrocarbyloxy, 
10 hydrocarbylsilyl, or trihydrocarbylsilylhydrocarbyl group of from 1 to 80 atoms, not counting 

hydrogen, or further optionally, two or more R^ groups from the same or different metal complexes 
or R^ and R®* from the same or different metal complexes may be covalently linked together; 

R^* independently each occurrence is hydrogen, or a hydrocarbyl, halohydrocarbyl, 
hydrocarbyloxyhydrocarbyl, dihydrocarbylaminohydrocarbyl, dihydrocarbylamino, hydrocarbyloxy, 
15 hydrocarbylsilyl, or trihydrocarbylsilylhydrocarbyl group of from 1 to 80 atoms, not counting 
hydrogen, and optionally, two or more R^' groups from different metal complex or R^' and an R^ 
from the same or a different metal complex may be covalently linked together; 

Z is a divalent moiety, bound to M via a covalent or coordinate/covalent bond, comprising 
boron, or a member of Groiq) 14 of the Periodic Table of the Elements, and also comprising 
20 nitrogen, phosphorus, sulfur or oxygen; 

X is an anionic or dianionic ligand group having up to 60 atoms exclusive of the class of 
ligands that are cyclic, delocalized, n-bound ligand groups; 

X' independently each occurrence is a neutral ligand havmg up to 40 atoms; 

p is zero, 1 or 2, and is two less than the formal oxidation state of M when X is an anionic 
25 ligand, and when X is a dianionic ligand group, p is 1; and 

q is zero, 1 or 2; 

with the proviso that one or more of the following conditions A), B) or C), is true: 

A) R^* corresponds to the formula N(R^, wherein R^ each occurrence is aralkyl, or two R^ 

groups together form a divalent hydrocarbon moiety or a halo- or silyl- substituted derivative 
30 thereof, said group containing from 4 to 40 atoms not counting hydrogen, and comprising at least 

one aromatic substituent, A^; 
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B) Z is (R%Si-Y-y wherein independently each occurrence is C6.20 aryl or two groups 
together are €5.20 arylene; and 

Y is bonded to M and is selected from the group consisting of -O, -S-, -NR^-, and -PR^-; 
wherein, R^ independently each occurrence is hydrogen, or a member selected from hydrocarbyU 
S hydrocarbyloxy, silyU halogenated alkyl, halogenated aryl, and combinations thereof, said R^ having 
up to 20 nonhydrogen atoms; or 

C) X in at least one occurrence is selected from the group consisting of 
tri(hydrocarbyl)silylhydrocarbyl, tri(hydrocarbyl)germylhydrocarbyl, and mixtures thereof, or two X 
groups together are a divalent ligand group of the formula (ER*2)x* wherein E is silicon, geimanium 

10 or carbon, but in at least one occurrence is silicon or germanium, and R* independently each 
occurrence is hydrogen or a group selected from silyl, hydrocarbyl, hydrocarbyloxy and 
combinations thereof, said R' having up to 30 carbon or silicon atoms, and x* is an integer from 1 to 
8. 

The above complexes may exist as isolated crystals optionally in pure form or as a mixture 
15 with other complexes, in the form of a solvated adduct, optionally in a solvent, especially an organic 
liquid, in the form of a dimer or chelated derivative thereof, wherein the chelating agent is an 
organic material, preferably a Lewis base, especially a dihydrocarbylether, cyclic aliphatic ether, 
trihydrocarbylamtne, trihydrocarbylphosphine, or halogenated derivative thereof, or as a polymeric 
or crosslinked polymeric product, wherein one or more groups are polymerized with one another 
20 or copolymerized with an ethylenically unsaturated comomomer. 

Also, according to the present invention, there is provided a catalyst composition, usefril, 
inter alia, for the polymerization of addition polymenzable monomers, comprising the following 
components or the reaction product thereof: 

(A) one or more metal complexes of formula (I); and 
25 (B) an activating cocatalyst, wherein the molar ratio of (A) to (B) is from 1 : 1 0,000 to 

100:1. 

Another embodiment of this invention is the foregoing catalyst composition wherein the 
metal complex is in the form of a radical cation. 

Further according to the present invention there is provided a polymerization process 
30 comprising contacting one or more addition polymenzable monomers under polymerization 
conditions with one of the aforementioned catalyst compositions. 

A preferred process of this invention is a high temperature solution polymerization process 
comprising contacting one or more addition polymerizable monomers under polymerization 
conditions with one of the aforementioned catalyst systems at a temperature from 50*^0 to 250X, 
35 preferably from 150**C to 250*'C, most preferably fit)m 175*C to 220**C. Within the scope of this 
invention are the polymeric products produced by the aforementioned processes. 
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This invention also includes the precursor of the delocalized electron containing, cyclic 
moiety of the metal complex of formula (I), said precursor corresponding to the formula: 




wherein, Y' is -OR^ -SR^, .NR^R^ -PR^R^; 
and R^ are as previously defined; 

R^' independently each occurrence is hydrogen, or a hydrocarbyl, halohydrocarbyl, 
hydrocarbyloxyhydnocarbyl, dihydrocarbylaminohydrocarbyl, dihydrocarbylamino, hydrocarbyloxy, 
hydrocarbylsilyl, or trihydrocarbylsilylhydrocarbyl group of from 1 to 80 atoms, not counting 
hydrogen, and optionally, two or more R®' groups from different metal complex or R^' and an R"^ 
from the same or a different metal complex may be covalently linked together; 

Z* is SiR^2, CRS, SiR^jSiRS, CR^jCR^i, CR°=CR^, CR^2SiR^2, CR^SiRSCR^. 
SiR^CR^SiR^ CR^iCRSSiR'^z, CR^zCR^CR^, BR\ or GeR^; 

wherein each R^ group is hydrogen, an alkali metal cation, or a magnesium halide cation, or 
both R^ groups together are an alkaline earth metal dication; and 

R^ independentiy each occurrence is hydrogen, or a member selected from hydrocarbyl, 
hydrocarbyloxy, silyl, halogenated alkyl, halogenated aryl, and combinations thereof, said R° 
having up to 20 nonhydrogen atoms, and optionally two R^ groups may be joined together, 

with the proviso that one or both of the following conditions are true: 

1) R"*' corresponds to the formula ii(R\, wherein R® each occurrence is aralkyl, or two R" 
groups together form a divalent hydrocarbon moiety or a halo- or silyl- substituted derivative 
thereof, said group containing from 4 to 40 atoms not counting hydrogen, and comprising at least 
one aromatic substituent, A*^; 

2) Z* is -(R^Si-, wherein R*^ independentiy each occurrence is C6.20 aryl or two R° groups 
together are C6.20 arylene. 

It is to be understood that the foregoing formula (II) depicts one of several equivalent 
interannular, double bond isomers, and that all such isomeric structures are intended to be included 
by formula (II). 

The final embodiment of the invention is the use of one of the foregoing compounds of 
formula (II) in a synthesis to produce a Group 4 metal complex of formula (I). 

The present catalysts and processes are especially suited for use in the production of high 
molecular weight polymers of olefin monomers, over a wide range of polymerization conditions, 
and especially at elevated temperatures, with exceptionally high catalyst efficiencies. They are 
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especially useful for the solution polymerization of ethylene homopolymers, copolymers of ethylene 
with an a-olefin other than ethylene (ethylene/a-olefin copolymers), and eihylene/propylene/diene 
interpolymers (EPDM polymers) wherein the diene is ethylidenenorbomene, 1,4-hexadiene or 
similar nonconjugated diene. The use of elevated tempa'atures dramatically increases the 
S productivity of such processes due to the fact that increased polymer solubiUty at elevated 

temperatures allows the use of increased conversions (higher concentration of polymer product) 
without exceeding solution viscosity limitations of the polymerization equipment as well as reduced 
energy costs needed to devolatilize the reaction product. In the preparation particularly of 
copolymers of ethylene and at least one a-olefin comonomer, the present catalyst compositions 
10 incorporate relatively large quantities of non-ethylene comomomer compared to catalysts 

comprising a conventional metal. In particular, ethylene/ 1-octene copolymers having reduced 
density due to increased incorporation of 1-octene therein, may be made using the present catalyst 
compositions. 

The metal complexes of this invention may also be supported on a support material and used 
15 in olefin polymerization processes in a slurry or in the gas phase. Additionally, those complexes 
wherein R'^ is ethylenically unsaturated may be used to form polymeric reaction products via 
polymerization of copolymerization of such ethylenic unsaturation in the R"^ moiety. Such products 
may be employed in a slurry or gas phase polymerization without need for an additional support 
material. Such a polymeric catalyst may be formed by prepolymerization of the functionaUzed 
20 metal complex, optionally with one or more ethylenically unsaturated monomers, in situ in a 

polymerization reactor or in a separate reactor with recovery of the prepolymerized catalyst prior to 

the primary polymerization process. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows the single crystal structure derived by X-ray analysis (ORTEP) of (N-(l,l- 
25 dimethylethyl)-l,l-dimethyl.l-((l,2,3,3a,7a-ii).3.(l,3-dihydro-2»-isoindo 
yl)silanaminato-(2-)-N-)titanium dimethyl (Example 2). 

Figure 2 shows the single crystal structure derived by X-ray analysis (ORTEP) of (N-(l,l- 

dimethylethyl)-l,l-diphenyl-l-((l,2,3,3a,7a-ii)-3-(i,3^1ihydro-2//-isoindol-2-y0 
yl)silanaminato-(2-)-N-)titamum dimethyl (Example 4). 

30 Figure 3 shows the single crystal structure derived by X-ray analysis (ORTEP) of (N-(l , 1 - 

dimethylethyl)-l,l-di(4-methylphenyl)-l-((l,2,33a,7a-Ti)-3-(l,3-dihydro.2W-isoindol-2-yl)-l^ 
inden-l-yl)silanaminato-(2-)-N-)- [(dimethylsilylene)bis(methylene)] titanium (Example 18). 

Figure 4 shows the single crystal structure derived by X-ray analysis (ORTEP) of (N-(l,l- 
dimethylethyl)- 1 , 1 -di(4-methylphenyl)- 1 -(( 1 ,2,3,3a,7a-Ti)-3-( 1 ,3-dihydro-2//.^ 

35 inden- 1 -yl)silanaminato-(2-)-N-)- titanium bis(trimethylsilyhnethyl) (Example 19). 
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Figure 5 shows the single crystal structure derived by X-ray analysis (ORTEP) of [1- 
[(lA33a,llM)-lH-cyclopenta[/]phenanthren-2-yl]-N-(l,l-diniethy 
dimethylsilanaininato(2-)-N]-[bis(triniethylsilylmethyl)] titanium (Example 25). 
DETAILED DESCRIPTION 

All reference to the Periodic Table of the Elements herein shall refer to the Periodic Table of 
the Elements, published and copyrighted by CRC Press, Inc., 1997. Also, any reference to a Group 
or Groups shall be to the Group or Groups as reflected in this Periodic Table of the Elements using 
the lUPAC system for numbering groups. As used herein the term "comprising*' is not intended to 
exclude any additional component, additive or step. For purposes of United States patent practice, 
the contents of any patent, patent application or publication referenced herein are hereby 
incorporated by reference in their entirety, especially with respect to the disclosure of synthetic 
techniques and general knowledge in the art. 

The foregoing metal complexes are preferably subdivided into preferred embodiments. A) 
B) and C), as follows. 

A) Metal complexes corresponding to the formula: 



where M is a Group 4 metal that is in the +2, +3 or -M formal oxidation state; 

R^ independently each occurrence is hydrogen, or a hydrocarbyl, halohydrocarbyl, 
hydrocarbyloxyhydrocarbyl, dihydrocarbylaminohydrocarbyl, dihydrocaibylamino, hydrocaibyloxy, 
hydrocarbylsilyl, or trihydrocarbylsilylhydrocaibyl group of from 1 to 80 atoms, not counting 
hydrogen, or further optionally, two or more R^ groups from the same or different metal complex 
may be covalently linked together; 

R° independently each occurrence is aralkyl, or two R^ groups together form a divalent 
hydrocarbon moiety or a halo- or silyl- substituted derivative thereof, said group containing from 4 
to 40 atoms not counting hydrogen, and comprising at least one aromatic substituent, A^; 

Z is a divalent moiety, bound to M via a covalent or coordinate/covalent bond, comprising 
boron, or a member of Group 14 of the Periodic Table of the Elements, and also comprising 
nitrogen, phosphorus, sulfur or oxygen; 

X is an anionic or dianionic ligand group having up to 60 atoms exclusive of the class of 
ligands that are cyclic, delocalized, ic-boimd ligand groups; 

X' independently each occurrence is a neutral ligand having up to 40 atoms; 
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p is zero, 1 or 2, and is two less than the formal oxidation state of M when X is an anionic 
ligandy and when X is a dianionic ligand group, p is 1; and 
q is zero, 1 or 2. 

B) Metal complexes corresponding to the formula: 



5 




where M is a Group 4 metal that is in the +2, +3 or -M formal oxidation state; 

R'^ independently each occurrence is hydrogen, or a hydrocarbyl, halohydrocarbyl, 
hydrocarbyloxyhydrocarbyl, dihydrocarbylaminohydrocarbyl, dihydrocarbylamino, 
hydrocarbylsilyl, or trihydrocarbylsilylhydrocarbyl group of from 1 to 80 atoms, not counting 
10 hydrogen, or further optionally, two or more R'^ groups from the same or different metal complex 
are covalently bonded together; 

Z* is SiR\ 

R^ independently each occurrence is C^o aryl or two R^ groups together are C^o arylene; 
Y is -0-, -S., -NR^, -PR^s and 

IS R^ independently each occurrence is hydrogen, or a member selected from hydrocarbyl, 

hydrocarbyloxy, silyl, halogenated alkyl, halogenated aryl, and combinations thereof, said R^ havmg 
up to 20 nonhydrogen atoms; 

X is an anionic or dianionic ligand group having up to 60 atoms exclusive of the class of 
ligands that are cyclic, delocalized, 7i-bound ligand groups; 

20 X' independently each occurrence is a neutral ligand having up to 40 atoms; 

p is zero, 1 or 2, and is two less than the formal oxidation state of M when X is an anionic 
ligand or absent, and when X is a dianionic ligand group, p is I; aiid 

q is zero, 1 or 2. 

C) Metal complexes conesponding to the formula: 
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where M is a Group 4 metal that is in the +3 or +4 formal oxidation state; 

independently each occurrence is hydrogen, or a bydrocaifoyU haiohydrocaibyl, 
hydrocarbyloxyhydrocarbyl, dihydrocarbylaminohydrocarbyl, dihydrocarbylamino, 
5 hydrocarbylsilyU or trihydrocarbylsilylhydrocarbyl group of from 1 to 80 atoms, not counting 
hydrogen, or further optionally, two or more groups from the same or different metal complex 
may be covalently linked together; 

Z is a divalent moiety, boimd to M via a covalent or coordinate/covalent bond, comprising 
boron, or a member of Group 14 of the Periodic Table of the Elements, and also comprising 
10 nitrogen, phosphorus, sulfur or oxygen; 

X, is an anionic ligand group, with the proviso, that in at least one occurrence X is 
trialkylsilylmethyl, having from 1 to 4 carbons in each alkyl group, or two X groups together are 
(dimethylsilylene)bis(methylene); 

X' independently each occurrence is a neutral Lewis base compound coordinated to the 
IS metal complex and having up to 40 atoms; 

p is 1 or 2; and 

q is zero» 1 or 2. 

In all of the foregoing preferred embodiments A), B) and C), N(R^, is preferably 
dibenzylamino or two R^ groups together with the nitrogen atom form a cycloaliphatic group, and at 

20 least one oftheA*^ groups comprising R^ is a single or multiple ring, aromatic group. More 
preferably, in the embodiment wherein two R^ groups together with the nitrogen atom form a 
cycloaliphatic group, a single A'^group, which is a C6.20 aromatic hydrocarbon group, is fused to the 
cycloaliphatic group. Most preferably, -N(R°)2 is in the form of a multiple ring, fused, aza-cyclic 
group. Examples of the foregoing, .N(R% groups include: l,3-dihydro-2/f-isoindol-2-yl, 1,2,3,4- 

25 tetrahydro-2^f-isoquinoline-2"yl, l,3-dihydro-2ff-benzo[/lisoindol-2-yl, l,3-dihydro-2^- 

benzo[e]isoindol-2-yl, l,2,3,4-tetrahydro-2/^benzo[g]isoquinoline-2-yl, lA3,4-tetrahydro-2ff- 
benzo|y]isoquinoline-2-yl, 1 A3,4-tetrahydro-2//-ben2o[A]isoquinoline-2-yl, IH- 
benzo[^e]isoquinolin-2(3//)-yl, and dibenzylamino groups, corresponding to the following formulas: 
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Most preferably, each occiurence is phenyl, 4-methylphenyl, or 4-n-butylphenyl. 

A preferred Group 4 metal for all of the present metal complexes is titanium. 

Finally, for the foregoing preferred embodiments A) and B), preferred X groups are chloro, 
methyl, trimethylsilylmethyl, or two X groups together are (dunethylsilylene)bis-(methylene), most 
prefmbly trimethylsilylmethyl, or two X groups together are (dimed)ylsilylene)bis(methylene). In 
the embodiments wherein X is trimethylsilybnethyl the complexes possess improved catalytic 
activity. In the embodiments wherein two X groups together are (dimethylsilylene)bis(methylene) 
the metal complexes additionally are particularly stable (robust) under typical storage and use 
conditions. 

Preferred groups in embodiments A), B) and C) (other than the ~NR^ groups previously 
disclosed at the 3 position) are hydrogen, or an alkyl, aryl or aralkyl group of up to 10 carbons. 

Preferably in all embodiments of the invention, Y is -NR^- where R^ is alkyl or 
cycloalkyl, preferably isopropyl, cyclohexyl, or t-butyl. 

Preferred X' groups in all of the foregoing embodiments of the invention are carbon 
monoxide; phosphines, especially trimethylphosphine, triethylphosphine, triphenylphosphine and 
bis(l,2-dimethylphosphino)ethane; P(0R*^)3, wherein R"^, independently each occurrence, is 
hydrocarbyl, silyl or silylhydrocarbyl; ethers, especially tetrahydrofuran; amines, especially 
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pyridine, bipyridine, tetramethylethylenediamine (TMEDA), or trietbylamine; olefins; and 
conjugated dienes having from 4 to 40 carbon atoms. Complexes including the latter X' groups, 
especially terminally hydrocarbyl substituted- 1,3-butadienes, include those wherein the metal is in 
the +2 formal oxidation state. 

5 In the foregoing preferred embodiments A) and B), when p is 2, q is zero, M is in the+3 or 

+4 formal oxidation state, and X is independently each occurrence preferably is chloride, methyl, 
benzyl, trimethylsilyhnethyl, allyl, pyrollyl or two X groups together are 1,4-butane-diyU 2-butene- 
1,4-diyl, 2,3-dimethyl-2-butene-l,4-diyl, 2-methyl-2-butene-l,4-diyl, xylyldiyl, or 
(dimethylsilylene)bis(methylene). 

10 In preferred embodiments A) and B), when p is 1, q is zero, M is in the +3 formal oxidation 

state, and X is preferably, 2-(NJ4-dimethyl)aminobenzyl, 2-(NJ4-dimethylaminomethyl)phenyI, 
allyl, or methallyl. 

In preferred embodiments A and B), when p is 0, q is 1, M is in the +2 formal oxidation 
state, and X' is l,4-diphenyM,3-butadiene, 1,3-pentadiene or 2,4-hexadiene. 
15 Highly preferred complexes according to embodiment A) correspond to the formulas: 




where R". is methyl, phenyl, tolyl or n-butylphenyl; 

R' is chloro, methyl, benzyl, trimethylsilyhnethyl or two R' groups together are 



20 (dimethylsilylene)bis(methylene); and 

R^ is allyl, 2-(dimethylamino)benzyl, 1,4-pentadiene or l,4-diphenyM3-butadiene. 
In the complexes of the formula lAr and IA2' the titanium metal is formally in the +3 
oxidation state when R' is allyl or 2-(dimethylamino)benzyl, and in the +2 oxidation state when R^ is 
1,4-pentadiene or l,4-diphenyH3-butadiene. 
25 For preferred embodiment A), illustrative metal complexes according to the present 

invention include: 

-10- 
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dichIoro(N-(14-dimethylethyl)-ljKliphenyl.l.((l,2,3,3a,7a-TiV^ 
2-yl)-IH-mden-l-yl)silanaminato-(2-)-N-)4itanium 

(N-(l.l-<Iimethylethyl)-l,l-diphenyl.K(l,2,3,3aJa-ii)-3^^ 
IH-inden- 1 -yl)silanaminato-(2-)-N-)-titaniuin dimethyl; 

5 (NKl,lHKme%lethyl)-14-diphenyUl-((l,23,3aJa-n)-3-(13-dihy*^ 
lH-inden-l-yl)silanaminato-(2-)-N-)-titaniumbis(t^ 

(N-(l,lKlimethylethyl>l,l-diphenyl.l-((1^^3aJa.n)-3-(U 
IH-inden- 1 -yl)snanaininato-(2-)-N-)-titanium (dimethylsilylene)bis(metbylene); 
(N.(14-dimethylethyl)-14-diphenyl-l-((1^33aja-n)-^^^ 
10 lH-inden-l-yl)silanaminato-(2-)-N-)-titaniuin (m) 2-(NJf-dimetbylainino)benzyl; 
(N-(ljKlimethyIethyl)-14-diphenyl-l-((l,233aJa-Ti)-3Kl,3-^^ 
lH-inden-l-yl)silanaminato-(2-)-N-)4itanium (n) 1,4-dipbra^ 

dichIoro(N-<cyclohexyl)-l,l-diphenyl-K(i;Z,33a,7a-Ti>3-(l,3<lihydro-^^ 
15 lH-mden-Uyl)silanaininato-(2-)-N-)-titaniuin; 

(N-(cyclohcxyl)-l,Miphenyl-K(l,2,33a,7a-ii)0-(l,3-dihydro^ 
inden- 1 -yl)silanamiiiato-(2-)-N-)-titaniumdimethyl; 

(N-(cyclohexyl).l,l-diphenyl-K(U33a,7a-Ti)0-(13-dihy*^ 
inden- 1 *yl)silaiianiinato-(2-)-N-)-titanium bis(trimethylsiiylmethyl); 
20 (N-(cyclohexyl)-l,l"diphenyl-K(U33a,7a-Ti)-3.(U-dihy*^^ 
inden- 1 -yl)siIanaminato-(2-)-N-)-titamum (dimethylsilylene)bis(niethylene); 

(N-(cyclohexyl)-l J -diphenyl- 1 K( 1 ,23,3a Ja-n)-3-( 1 3-dihydro-2//-is^ 
inden- l-yl)silanaminato-(2-)-N-)-titanium (ID) 2-(N^-dimethylaniino)benzyl; 

(N-(cyclohexyl)-14-diphenyl.l-((U3,3a,7a-Ti)0-(13-dihydro-2^-isoindoW^^^ 
25 inden- 1 -yl)silananiinato-(2-)-N-)-titanium (II) 1 ,4-diphenyl- 1 ,3-butadiene; 

dichloro(N-(lJ-dime%lethyl)-lJ-bis(4-methylphenyl)-l-((l,23,3a,7a-Ti)-3-(l,3-^^^ 
2//-isoindol-2-yl)- 1 H-inden- 1 -yl)silanaininato-(2-)-N-)-titaniiim; 

(N-( 1 , 1 -dimethylethyl> 1 ,1 -bis(4-inethylphenyl)- 1 -(( 1 ,2,3,3a,7a-Ti)-3-(l ,3-dihydro-2//- 
30 isoindol-2-yl)-lH-inden-l-yl)silanaminato-(2-)-N-)-titanium dimethyl; 

(N-(14Khmethylethyl)-l,l-bis(4-methylphenyl)-K(l,23,3a7a-n)-3-^ 
isoindol-2-yl)-l H-inden- 1 -yl)siIanaminato-(2-)-N-)-titanium bis(trimethylsilylmethyl); 

(N-(l,l-dimethylethyl)-l,l-bis(4-methylphenyl).l.((l,23,3aJa-ii>3-(l,3^^ 
isoindoI-2-yl)- 1 H-inden- 1 -yI)silanaminato-(2-)-N-)-titanium (dimethylsilylene)bis(methylene); 



-11- 



wo 01/42315 



PCT/USOO/31645 



(N-(l,l-dimethylethyl)-l,l-bis(4-methylphenyl)-l-((U^3a,7a-ti)-3-(l,3-dihydro-2^^^ 
isoindol'2-yl)-lH-mden-l -yl)silaiiaininato-(2-)-N-)-titaiuuin (IH) 2-(N,N-dimetbylaniino)baizyl; 

(N-(l,lKUmethylethyi^l,l-bis(4-methylphenyl)-l<(1^3,3a,7a-Ti>3-(UKiayd^^^ 
isoindol-2-^)-lH-mdeii-l -yI)silanaininato-(2-)-N*)>titanium (II) 1 ,4-dipheDyU 1 ^-butadiene; 

5 

dichloro(N-(cyclohexyl)-ia-bis(4-methylphcnyl>l-((1^33aJa-ii)-3Kl,3-dihydro-2^^ 
isoindol-2-^)-lH-mden-l -yl)silanaininato-(2')-N-)-titaniuin; 

(NKcycloh«yI)-144)i8(4-methylphenyl)-l-((lA3,3a,7a-Ti)-3Kl,3-dihydro.2^-w^^ 
yl)-lH-i]iden-l-yl)silanaininat(K2-)-N-)-titaiuuin dimethyl; 
10 (N-(cyclohexyl>14-bis(4-methylphenyl>K(U,33a,7a-ti)-3Kl,3KMiydro-2ff.M^ 
yl)-lH-iiiden-l-yl)silanaininato-(2-)-N-)-titanium bis(truneiliylsilylinethyl); 

(N.(cyclohexyl>l,l-bis(4-mcthylphenyl>K(lA33a.7a.nV3.(l,3-dihydro-2/^w^^ 
yl)-lH-mden-l-yl)silaiiaminato-(2-)-N-)-titaiiium(dimethylsilylene)bi^ 

(N-(cycIoh«yl>l,l-bis(4-methylphenyl)-K(lA3,3a,7a-ti)-3-(13-dihydro-2A^^ 
1 S yl)- lH-inden-1 -yl)siIanaininato-(2-)-N-)-titaniuin (HI) 2-(N J^-diinethylamuio)benzyl; 

(N-(cyclohexyl)-l,l-bis(4-methylphenyl).l-((lA3,3a,7a-ii)-3-(l,3Hlihydro-2/^isofa^^ 
yl)-lH-indeii-l-yl)silanaininato-(2-)-N-)-titaiiium (U) l,4-diphenyl-l,3-butadiene; 

dichloro(N-(l.l-dimethylethyl)-l,l-bis(4-n-butylphenyl).l-((lA3,3a,7a-ii)-3-(l,3-dihydro^ 
20 2W-isoindol-2-yl)-lH-inden- 1 -yl)silanaminato-(2-)-N-)-titanium; 

(N-(l,l-dimethylethyl)-l,l-bis(4-n-butylphenyl)-l-((U,3.3a,7a-n>3-(l,3-dihydro-2«'- 
isomdol-2-yI)-l H-inden- 1 -yl)silananiinato-(2-)-N-)-titaniuin dimethyl; 

(N-(l.l-dimethylethyI)-l,l-bis(4-n-butylphenyI)-l-((U,3,3a,7a-Ti>3-(l,3-dihydro-2fl'- 
isoindol-2-yl)-l H-inden- 1 -yl)silananiinato-(2-)-N-)-titanium bis(trimethylsilylmethyl); 
25 (N-(l,l-dimethylediyl)-l.l-bis(4-n-butylphenyl)-l-((l,2,3,3a,7a-Ti)-3-(l,3-dihydro-2^- 
isoindol-2-yl)- 1 H-inden- 1 -yl)silanaminato-(2-)-N-)-titanium (dimethylsilylene)bis(methylene); 

(N-(l,l-dimethylethyl)-l,i-bis(4-n-butylphenyl)-l-((U,3,3a,7a-ii)-3-(l,3-dihydro-2fl^ 
isoindol-2-yl)-lH-inden-l-yl)silananiinato-(2-)-N-)-titanium(III)2-<N,N-dimethylamino)benzyl; 
(N-(l,l-dimethylethyl)-l,l-bis(4-n-butylphenyl)-l-((l,2,3,3a,7a-Ti)-3-(l,3-dihydro.2/f- 
30 isoindol-2-yl)-lH-inden-l-yl)silananiinato-(2-)-N-)-titanium (II) l,4-diphenyl-l,3-butadiene; 

dichloro(N-(cyclohexyl)-l,l-bis(4-n-butylphenyl)-l-((U,33a,7a-ii)-3-(l,3-dihydro-2fl- 
isoindol-2-yl)-lH-inden- l-yl)silanaminato-(2-)-N-)-titanium; 

(N-(cycIohexyl)-i ,1 -bis(4-n-butylphenyl)-l -((U,3.3a,7a-Ti)-3-(U-dihydro-2//-isoindol-2- 
35 yl)- IH-inden- 1 -yl)silanaminato-(2-)-N-)-titanium dimethyl; 

-12- 



wo 01/42315 



PCT/USOO/31645 



(N-(cyclohexyl).l,l-bis(4.n-butylphwiyl>K(l,23,3a,7a-ii)-3-(13-d^^ 
yl)-lH-inden-l-yl)silanamiimto-(2-)-N-)-titamumbis(tnmet^^^ 

(N-(cyclohexyl)-l,l-bis(4-n-butylphenyl)-K(l ^,33a,7a-Ti)-3-(l 
yl>lH-inden-l-yl)silanaminato-<2-)-N-)-titanium(dimetbyIsi 

(N.(cyclohexyl)-l,l.bis(4-n.butylphrayl)-K(l,2.3,3a,7a-Ti)-3-(l,3^ 
yl>lH-inden-l-yl)silaiiami]iato-(2-)-N-)-titaniuin (m) 2-(N^-diinethylainino)benzyl; 

(N-(cyclohexyl)-l,l-bis(4-n-butyIphenyl).K(l,2,33a,7a-Ti)-3-( 
yl>lH-inden-l-yl)silanaminato-(2-)-N-)-titaniuin (II) l,4-diphenyl-13-butadiene; 

dichloro(N-(lJ-dimethylethyl).l,lHiiphenyl-l<(lA3,3a,7a-n)-3-(l^ 
2( 1 H>isoquinolinyl)- IH-inden- 1 -yl)silananiinato-(2-)-N-)-titaniuin; 

(N-(l,l-dimethylethyl)-14-diphenyl4-((1.233aJa-n>3-{l,23^ 
isoquinolinyl)-lH-inden-l -yl)silahaminato-(2-)-N-)-titanium dimethyl; 

(N-(l,l-dimethylethyl)-14-diphenyl-l<(1^3,3a,7a-ii)-3-(l^,3,4-^^ 
isoquinolinyl)-lH-inden-l-yl)silanaininato-(2-)-N-)4it^ 

(N-(lJ-dimethylethyl)-l.l-diphenyl-l-((l,233a,7a.ii)-3.(lA^ 
isoquinolmyl>lH-inden-l-yI)silaxuiinixmto-(2-)-N-Hitam 

(N-(l,l-dimethylethyl)-ia-diphenyl.I<(l,2,3,3aJa-Ti)-3-(i 
isoqmnolinyl)>lH-inden-l-yl)silanainmato-(2-)-N-)-dtaiu (HI) 2-(N,N-dimethylamino)benzyl; 

(N.(lJ-dimethylethyl)-ia-diphenyl.l<(l,2,33aJa-Ti)-3-(U3.4.^^ 
isoqumolinyl)-lH*inden-l-yl)siIaiiaminato-(2-)-N-)4itani^ (n) l,4-diphenyl-l,3-butadiene; 

dicUoro(N-(cyclohexyl)- 1 , 1 -diphenyl- 1 -(( U3,3a,7a-ii>3-(l ,23.4-tetra^ 
isoquinolinyl)- 1 H-inden- 1 -yl)silanaminato-(2-)-N-)-titanium; 

(N-(cyclohexyl)- 1 ,1 -diphenyl- 1 -(( 1 ^,3,3a,7a-Ti)-3-(l ;2,3,4-tetrahydro-2(lH)-isoquinolmyl)- 
IH-inden- 1 -yl)silanaminato-(2-)-N-)-titaniuni dimethyl; 

(N-(cyclohexyl)- 1 , 1 -diphenyl- 1 -(( 1 ,2,3,3a Ja-Ti)-3-( 1 ,2,3,4-tetrahydro-2( lH)-isoquinolinyl)- 
IH-inden- 1 -yl)silanaminato-(2-)-N-)-titanium bis(trimethylsilylmethyl); 

(N-(cyclohexyl)- 1 , 1 -diphenyl- 1 -(( 1 ,2,3 ,3a,7a-r|)-3-( 1 ,2,3,4-tetrahydro-2( 1 H)-isoquinolinyl)- 
IH-inden- 1 -yl)silanaminato-(2-)-N-)-titanium (dimethylsilylene)bis(methylene); 

(N-(cyclohexyl)- 1 , 1 -diphenyl- 1 -(( 1 ,2,3,3a,7a-Ti)-3-( 1 ,2,3,4-tetrahydro-2( lH)-isoquinolinyl)- 
lH-inden-l-yl)silanaminato-(2-)-N-)-titanium (III) 2-(N,N-dimethylamino)benzyl; 

(N-(cyclohexyl)- 1 , 1 -diphenyl- 1 -(( 1 ,2,3,3a,7a-r|)-3-( 1 ,2,3,4-tetrahydro-2( lH)-isoquinolinyl)- 
IH-inden-l-yl)silanaminato-(2-)-N-)-titaiiium (II) l,4-diphenyl-l,3-butadiene; 



-13- 



wo 01/42315 



PCT/USOO/31645 



dicWoro(N-(ia-dimethylethyI)-l,l.bis(4-methylphenyl)-l-((l^,3^a^^^ 
tetrahydro-2(lH)-isoquinolmyl>lH-inden-l-yl)silanaminato-^ 

(N-( 1 , 1 -dimethylethyi)- 1 , 1 -bis(4-inethylphcnyl)- 1 -(( 1 A3,3a,7a-n)-3-( 1 ^,3,4-tetrahydro- 
2( lH)-is6qumolinyl)- IH-inden- 1 -yl)silanaminato-(2-)-N-)-titaniuin dimethyl; 
5 (N-(l,l-dimethylethyl)-l,l-bis(4-methylphenyl)-l-((1^33aJa-n 

2( 1 H)-isoquinolinyl)- 1 H-inden- 1 -yI)silanaminato-(2-)-N-)-titanium bis(triinethylsilylmethyl); 

(NKl,l-dimethylethyl)-l,l-bis(4-methylphcnyl)-K(U 
2( 1 H)-isoquinolinyl)- IH-inden- 1 -yl)silanaminato-(20-N-)-titani 
(dimethylsilylene)bis(methylene); 
10 (N-(l,l^limethylethyl)-l,l-bis(4-methylphenyl).K(l,2,3^a,7a-^^ 

2(lH)-isoquinolinyl))-lH-mden4-yl)silanaminato-(2-)-N-^^ (III) 2-(N,N- 
diinethylammo)benzyl; 

(N-( 1 ,1 -dimethylethyi)- 1 , 1 -bis(4-methylphenyl). 1 -(( 1 ^,3,3a,7a-.ii)-3-( 1 ^,3,4-tetrahydro- 
2(lH)-isoquinolinyl)-lH-inden-l-yl)silanaminato-(2-)-N-)-titanium (II) l,4-diphenyl-l,3-butadiene; 

15 

dichloro(N<cyclohexyl)-14-bis(4-methylphenyl>l<(lA3,3a,7a-Ti)-3-(1^3,^^^^ 
2(lH)-isoquinolinyl)-lH-inden-l-yl)silanaminato-(2-)-N->titamum; 

(N-(cyclohexyl)-14-bis(4-methylphenyl)-l-((1^33aJa-Ti)-3KI,23,4.tetrahydr^^^ 
isoquinolinyl)-lH-inden-l-yl)silanaminato-(2-)-N-)-titanium dimethyl; 
20 (N-(cyclohexyl>l,l.bis(4-methylphenyl)-l-((U^3a,7a.n)-3K1^.3,^^^^ 

isoquinolinyl)- IH-inden- 1 -yl)silanaminato-(2-)-N-)-titanium bis(trimethylsilyhnethyl); 

(N-(cyclohexyl).lJ-bis(4-methylphenyl)-H(U33a,7a-Ti)-3-(l,23,4-tetra^ 
isoquinolinyl)- 1 H-inden- 1 -yl)silanaminato-(2-)-N-)-titanium (dimethylsilylene)bis(methylene); 

(N-(cyclohexyl)-l,l-bis(4-methylphenyl)-l-((l,23,3a,7a-n)-3-(l,23,4-tetrahydro^ 
25 isoquinolinyl)- 1 H-inden- 1 -yl)silanaminato-(2-)-N-)-titanium (HI) 2-(N,N-dimethylamino)benzyl; 

(N-(cyclohexyl)- 1 , 1 -bis(4-methylphenyl)- 1 -(( 1 ,2,3,3a,7a.Ti)-3-(l ,2,3,4-tetrahydro.2(lH)- 
isoquinolinyl)- 1 H-inden- 1 -yl)silanaminato-(2-)-N-)-titanium (II) 1 ,4-diphenyl- 1 ,3-butadiene; 

dichloro(N-(14-dimethylethyl)-l,l-bis(4-n-butylphenyl)-l-((l^,3,3a,7a-n)-^^^ 
30 tetrahydro-2( 1 H)-i soquinolinyl)- IH-inden- 1 -yl)silanaminato-(2-)-N-)-ti tanium; 

(N-( 1 , 1 -dimethylethyi)- 1 , 1 -bis(4-n-butylphenyl)- 1 -(( 1 ^,3,3a,7a-n)-3-( 1 ,2,3,4-tetrahydro- 
2(lH)-isoquinolinyl)-lH-inden-l-yI)silanaminato-(2-)-N-)-titanium dimethyl; 

(N-( 1 , 1 -dimethylethyi)- 1 , 1 -bis(4-n-butylphenyl)- 1 -(( 1 ^,3,3a,7a-r|)-3-( 1 ,2,3,4-tetrahydro- 
2(lH)-isoquinolinyl)-lH-inden-l-yl)silanaminato-(2-)-N-)-titanium bis(trimethylsilyhnethyl); 
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(N-(ia-dimethylethyl>l,l-bis(4.n-butylphenyl).l.((l,23,3a^^^^ 
2(lH)-isoquinolinyI)-lH-inden-l-yl)silanaminato-(2->N-)-tk^ 
(dimetbylsilylene)bis(methylene); 

(NKl,l-dimethylethyl>14-bis(4.n-butylphenyl)-l-((l,23,3a,7a-^ 
S 2(lHHsoquinolinyl))-lH-inden-Nyl)silaiiammat(>-(2-^^^ (m) 2-(N,N- 

diinethylamino)benzyl; . 

(N-<ia-dimethylethyl>l,l-bis(4-n-butylphenyl)-l-((l,2,33a,7a^^^^ 
2(lH>isoquinolinyl>lH-inden-l-yl)silanamiimto-(2-)-N-)-ti^^ (II) l,4-diphenyl-13-butadiene; 

10 dichloro(N-(cyclohexyl)-14-bis(4-n-butylphenyl)-l-((i;2.33a,7a-^^^ 
2( 1 H)-isoquinoIinyl)- IH-inden- 1 -yl)silaiiaininato-(2-)-N-)-titaniuiii; 

(N-<cyclohexyl)-l,l-bis(4-n-butylphenyI>l-((U33a.7a-Ti)-3Kl^^ 
isoquinolinyl)-lH-iiiden-l-yl)silanaminato-(2-)-N-)-titaniumdi^^ 

(NKcyclohexyl).l,l-bis(4-n-butylphenyl>l.((i;X,33a,7a.ii)-^ 
IS isoqumolmyl)-lH-inden-l-yl)siIanaminato-(2-)-N-)-titam^ 

(N-(cyclohexyl)-l,l.bis(4.n-butylphenyl>l-((lA33a,7a-Ti)-3-(l^ 
isoquinolinyl)-lH-inden-l-yl)5ilanaminato-(2-)-N-)-titamim 

(NKcyclohexyl)4,l-bis(4-n-butylphenyl>l-((lA33a7a-n)-3-^ 
isoqumolinyl)-lH-inden-l-yl)siIanaminato-(20-N-)-titanium (III) 2-(Njv}-diinediylainino)beiizyl; 
20 (N-(cyclohexyl).l,l.bis(4.n-butylphenyl).l.((1^33aJa-ii)0-(l,2,3,^^^^ 

isoqumolinyl)-lH-mden-l-yl)silanaminato-(2-)-N-)4itamim (11) l,4*diphenyI-U3-butadiene; 

dichloro(N-( 1 4 -dimethy lethyl)- 1 J ^iphcnyl- 1 -(( 1 ,233a Ja-n^^^ 
ben2o[/lisoindol-2-yl)-lH-inden-l-yl)silanaminato-(20-N-)-titanium; 

25 (N-(ia-dimethylethyl)-l,l-diphenyl4-((l,233a,7a-n)-3-(13^^^ 
2-yl)- 1 H-inden- 1 -yl)silanaminato-(2-)-N-)-titanixim dimethyl; 

(N-(l ,1 -dimethylethyl)- 1 ,1 Kliphenyi4 .((1,233a Ja-ii)-3<l 3-dihydro-2/r-benzo[/]isomdol- 
2-yl)- 1 H-inden- 1 -yl)silanaminato-(2-)-N-)-titanium bis(trimethylsilylniethyl); 

(N-( 1 , 1 -dimethylethyl)-! ,1-diphenyM -((1 ,2,3,3a,7a-Ti)-3-(l 3.dihydro-2^-ben2o|/]isoindol- 
30 2-yl)-lH-inden-l-yl)silanaminato-(2-)-N-)-titanium (dimethylsilylene)bis(methylene); 

(N.(l,l-dimethyle%l)-l,l-diphenyl-l-((l,2,3,3a,7a-n)-3-(13Hiihydro-2//-te^ 
2-yl)- 1 H-inden- 1 -yl)silananiinato-(2-)-N-)-titanium (III) 2-(N,N-dimethylamino)benzyl; 

(N-(l,l-dimethylethyl).l,l-diphenyl.l-((l,233aJa-Ti).3-(13-dihydro-^^^ 
2-yl)-lH-inden.l-yi)siianaininato-(2-)-N-)-titanium (II) l,4.diphenyl-13.butadiene; 
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dicWoro(N-(cyclohexyl)-l,lKiiphenyl-l<(1.233aJa-Ti).3-(l,3-dihyd^^^ 
benzo(/)isoindol-2-yl)-lH-inden-Uyl)silanaminatoK2-)-N-)-titaniu^ 

(NKcyclohexyI)-l,l.diphenyl.l-((1.23,3a,7a-n^3K13-dihydro-^^ 
IH-inden- l-yI)silanaininato*(2->N-)-titanium dimethyl; 
5 (NKcyclohexyl)-ljKliphenyl-K(l,23,3a,7a-T]).3<13-dihydro^ 
1 H-inden- 1 -yl)silanaininato-(2-)-N-)-titanium bis(triineibylsilylmethyl); 

N-(cyclohexyl)-l,l-diphenji-l-((l^»33a,7a-Ti)0-(13*4ihydro-2/f-be^ 
lH-inden-l-yl)silanaminato-(2-)-N-)-titaniuin (diinethylsilylene)bis(methylene); 

(N<cyclohexyl).14-diphenyl-l-((U3,3a,7a-ti)-3-(13-dihydro-^^ 
10 lH*inden-l*yl)silanaminato-(2->-N-)-titanium (III) 2-(NJ4-dimethylamino)benzyl; 

(N-<cyclohexyl)-l 4 -diphenyl- 1-(( 1 ,233a,7a-Ti)-3-(l 3-dihydro-2//.^ 
lH-inden-l-yl)silanaininato-(2-)-N-)-titanium (II) U4-diphenyI-U3-butadiene; 

dicWoro(N-( 1 a -diinethylethyl)- 1 , 1 -bis(4-methyl^^^ 
IS 2/f-beiizo[/]isoindol-2-yl)-lH-inden-I-yl)silanammato-(2->>N-^^ 

(N.(iaHlimethylethyI>14-bis(4.methylphenyl)-l.((U,33a,7a.ii)-3^ 
beDzo[/]isoindol-2-yl)-lH-inden-l-yl)silanaminato-(2-)-N-)-titaniim dimethyl; 

(NK14-dimethylethyI>ia-bis(4-methylphenyl)-l.((l,233a,7a-Ti)0-(l,3^^^ 
benzo[/]isoindol-2-yl)-lH-inden-Uyl)silanaminato-(2-)-N-)-titanium bis(trimethysilylmethyl; 
20 (N.(14-dimethylettiyl)-lJ-bis(4-methylphenyl)-l-((l^,33aJa-Ti>3-(l^ 
benzo[/] isoindoI-2-yl)- 1 H-inden- 1 '-yl)silanaminato-(2-)-N-)-titanium 
(dimethylsilylene)bis(methylene); 

(N-(ia-dimethylethyl).l,l-bis(4-methylphcnyl)-l-((U33aJa-Ti)-3-(13^i^ 
benzo[/]isoindol-2-yl)- lH-inden-1 -yl)silanaminato-(2-)-N-)-titanium (III) 2-(NJ4- 
25 dimethylamino)benzyl; 

(N-(l,lKiimethylethyl)-lJ-bis(4-methylphenyl)-l-((l,23,3a,7a.Ti).3-(13-^^ 
benzo[/]isoindoI-2-yl)- IH-inden- 1 -yl)silanaminato*(2-)-N-)-titanium (II) 1 ,4-diphenyl- 1 ,3- 
butadiene; 



30 dichloro(N-(cyclohexyl)- 1 , 1 -bis(4-methylphenyl)- 1 -(( 1 ,2,3 ,3a,7a-r|).3-( 1 ,3-dihydro-2//- 

benzo[/]isoindol-2-yl)- IH-inden- 1 -yl)siIanaminato-(2-)-N-)-titanium; 

(N-(cyclohexyl)- 1 , 1 -bis(4-melhylphenyl)- 1 -(( 1 ,2,3,3a,7a-Ti)-3-(l ,3-dihydro-2/f- 
benzo[/]isoindol-2-yl)- 1 H-inden- 1 -yl)siIanaminato-(2-)-N-)-titanium dimethyl; 
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(N-(cyclohexyl)-l,l-bis(4.methylphenyl>l-((l,23,3a,7a-Ti).3K13^^^ 
ben2o[/]isoindol-2-yl)-lH-inden.l-yl)silanaminato-(2-)-N-^^^ bis(trimethysilylinethyl 
bis(trimethysilylmethyl; 

(N.(cyclohexyl)-14-bis(4-methylphenyl)-K(l,23,3aJa-Ti>3-(l,3^^^ 
ben2o[/Iisoin(lol-2-yl)- IH-inden- 1 -yi)silanaininato-(2-)-N.>titaniiiin 
(diniethylsilylene)bis(inethylene); 

(N<cyclohexyl)-l,l-bis(4-me%lphenyl)-l.((lA33a,7a-ii>3.(13^^ 
ben2o[/]isoindol-2-yl).lH-inden-l-yi)siIanaminato<20-N>titaiu (III) 2-(NJ*- 

dimethylamino)benzyl; 

(NKcyclohexyl)-ia-bis(4-methylphenyl)-l-((l,23,3a,7a-n)0.(13^ 
benzo[/lisoindol-2-yl)-lH-inden-l-yl)silanamiiiato-(2-)-N-)-titani^ (II) l,4-diphenyl-l,3- 
butadiene; 

dichloro(NKl,lKlimethylethyl).l,l-bis(4-n-butyiphenyI)-l-({lA33^^^^ 
2ff-ben2o(y]isoindol-2-yl).lH-inden-l-yl)silanaminato-(2-)-N0-tit^ 

(N-(l,l^imethylethyl)-lJ-bis(4-n-butylphenyl)-l-((l,^ 
benzo|>]isoindol-2-yl)-lH-inden-l-yl)silanaminato-(2-)-N-)-titamum dimethyl; 

(N-(l4-dimethyle%l)-ia-bis(4-n-butylphenyl)-l-((l,2,3,3aJa-Ti).3-(13-di^^ 
ben2o[/]isoindol-2-yl)-lH-inden-l-yl)silanaminato-(2-)-N0-titanium bis(triinethysilylmetbyl; 

(N.( 1 , 1 -dimethylethyl)- 1 , 1 -bis(4-n-butylphenyl)- 1 -(( 1 ^,3,3a,7a-Ti)-3-(l ,3-dihydro-2«- 
ben2o[/]isoindol-2-yl)-lH-inden-l-yl)silanaminato-(20-N-)-titanium 
(diniethylsilylene)bis(inethylene); 

(N-(lJ-dimethylethyl)-l,l-bis(4.n-butylphenyl)-l-((l,2,33aJa-ii).3K 
ben2o[/]isoindol-2-yl)-lH-inden-l-yl)silanaminato-(2-)-N-)-titaniuni (HI) 2-(NJ^- 
dimethylainino)ben2yl; 

(N-(l,l-dimethylethyl)-ia-bis(4-n-butylphenyl>l-((l,233aJa.Ti>3-(U^ 
ben2o[/]isoindol-2-yl)- IH-inden-l -yl)silanaininato.(2-)-N-)-titamum (H) 1 ,4-diphenyl- 1 ,3- 
butadiene; 

dichloro(N-(cyclohcxyl)-l,l.bis(4-n-butylphenyl)-l-((l,233a,7a-Ti)0-(l,3-dihy^^ 
benzo|/]isoindol-2-yl)-lH-inden-l-yI)silanaminato-(2-)-N-)-titanium; 

(N.(cyclohexyl)-l,l.bis(4-n-butyIphenyl).l-((l,23,3aJa-ii)-3-(13-dihydro 
benzo[/]isoindol-2-yl)-lH-mden-l-yl)silanaminato-(2-)-N-)-titamum dimethyl; 
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(N-(cyclohexyl)-l,l-bis(4-n.butylphenyl>l-((i;J33aJa-n>3-(l,3^^^ 
benzo[/]isoindol-2-yl)-lH-inden-l-yl)silanaminato<2-)-N->^ 
bis(triinethysilylinetfayl; 

(N-(cyclohexyl)-l,l.bis(4.n-butylphenyl)-l-((i;233aJa.Ti^^ 
5 ben2o[/]isoindol-2-yI>lH-inden-l-yl)silanaminato-(2-)-N->ti^ 
(dimethylsilylene)bis(inethylene); 

(N-(cyclohexyl).l,l.bis(4-n.butylphenyl>l-((lA33aJa-Ti).3-^ 
benzo|/]isoindol-2-yl>lH-inden-l-yl)silanaminato-(2-)-N-)-titani™ (III) 2-(N,N- 
dimethylainino)benzyl; 

10 (N-(cyclohcxyl).l,l.bis(4-n-butylphenyl)-l-<(l^,33aJa-n>^ 

benzo[/]isoindol-2-yl)-lH-inden-l-yl)silanaminato-(2-)-N->tit^ l»4-diphenyl-l,3- 
butadiene; 

dicMoro(N-(ljKlimethylethyl).l,l-diphenyl.l.((l,23,3a,7a-i^^ 
15 benzo[c]isoindol-2-yl)-lH-inden-l-yl)silanaminato-(2-)-N-)-titanium; 

(N-(14-dimethylethyl).l,lKiiphenyI-l-((l,2,33aJa.n)0-( 
benzo[e]isoindol-2-yl)- 1 H-inden- 1 -yl)siIanaminato-(2->N-)-titaniuin dimethyl; 

(N-(14-dimethylethyl)-14-diphenyl.I.((l,233aJa-Ti>3-(l,3K^^^ 
benzo[e]isoindol-2-yl)-lH-inden-l-yl)silanaminato-(2-)-N-)-titaniuni bis(trimethylsilylmethyi); 

20 (N-(14-dimethylethyl>l,l-diphrayl-I-((l,233aJa-Ti)-3-(13-^ 
benzo[e]isoindol-2-yl)-lH-inden-l-yl)silanaminato-(2-)-N-)-titamum 
(dimethylsilylene)bis(methylene); 

(N-(lJ-dimethylethyl)-l,l-diphenyl-l-((l,23,3aJa-Ti)-3-(13-dihy 
benzo[e]isoindol-2-yi)-lH-inden-l-yl)silanaminato-(2-)-N-)-titamum (III) 2-(N,N- 
25 dunethylammo)benzyl; 

(N-( 1 J ^methylethyl)- 1 J-diphenyl-l .((1 ^3,3a,7a.Ti)OKl ,3Klihy*^^ 
ben2o[e]isoindol-2-yl)-lH-inden-l-yl)silanaminato-(2-)-N-)-titanium (II) l,4-diphenyH,3- 
butadiene; 

dichloro(N-(cyc!ohexyl)-l,l-diphenyI-H(l,2,3,3a7a-Ti)-3-(13-dihydro-2i^^ 
benzo[e]isoindol-2-yl)-lH-inden-l-yl)silanaminato-(2-)-N-)-titaniuin; 

(N-(cyclohexyl)- 1 , 1 ^iphenyl- 1 •(( 1 ,2,3,3a,7a.Ti)-3-( 1 ,3-dihydro-2i/-benzo[e]isoindol-2-yl)- 
IH-inden- 1 -yl)silanaminato-(2-)-N-)-titanium dimethyl; 

(N-(cyclohexyl)- 1 , 1 -diphenyl- 1 -(( 1 ,2,3,3a,7a-Ti).3-( 1 ,3-dihydro-2^-benzo[e]isoindol-2-yl)- 
IH-inden- 1 -yl)silanaminato-(2-)-N-)-titanium bis(trimethylsilylmethyl); 
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(N-(cyclohexyl)-l,l^iphenyl-K(l,233aJa.ii)0<13-dihydro-2fl^te 
lH*inden- 1 -yl)silanaininato-(2-)-N->titanium (dimethylsilylene)bis(inethylene); 

(N-(cyclohexyl)-l,l-diphenyl-lK(l»23,3a,7a-ii)-3Kl,3-dihydro-^^ 
lH-inden-l-yl)siIaiiaminato-(2-)-N-)-titanium (III) 2-(NJ^-dimethylamino)benzyl; 
5 (N-(cyclohexyI)-l,l-diphenyl-K(i;2,3,3a,7a-n).3-(l3KlihyA^^ 

lH-inden-l-yl)silanamuiato-(2-)-N-)-titaniuin (II) l,4-diphenyM3-butadiene; 

dicmoro{N.(l,l-dimethylethyl)-IJ-bis(4-methylphenyl)-i-(( 
2//-benzo[e]isoindol-2-yl)-lH-inden-l-yl)silanaminato-(2-)-N-^^^ 

10 (N.(14-dimcthylethyl)-l,l-bis(4-mcthylphenyl)-K(l,2,33a^^^^ 

benzo[e]isomdol-2-yl)- IH-inden- 1 -yl)silanaininato-(2->N-)-titanium dimethyl; 

(N-(l,l.dimethylethyl)-ia-bis(4.methylphenyl)-l-((l,2,33a,7^^ 
benzo[e]isomdol-2-yl)-lH-inden-l-yl)siIanaminato-(2-)-N-)-tit^^ bis(trimethylsilylmethyl); 

(N-(14-dimethylethyl).ia-bis(4-methylphenyl)-l.((i;233^^^^ 
1 5 benzo[e]isoindol-2-yl)- 1 H-inden- 1 -yl)silanaininato-(2-)-N-)-titamum 
(dimethylsilylene)bis(methylene); 

(N-(l,l-dimethylethyl>ia-bis(4-methylphenyl>l.((1^33a,7a-n)-3Kl^ 
benzo[e]isoindol-2-yl)-lH-inden-l-yl)silanamiiiato-(2->N-)-titani^ (III) 2-(N,N- 
dimethyIainino)ben2yl; 
20 (N-(l,l-dimethylethyl).l,l.bis(4-methylphenyl)-l-((l,2,3,3a,7a-Ti)-3 

benzo[e]isoindol-2-yl)-lH-inden-l-yl)silanaminato-(2-)-N0-titaniu^ l,4-diphenyH,3- 
butadiene; 

dichloro(N-(cyclohexyl)- 1 , 1 -bis(4-methylphenyl)- 1 -(( 1 ^,3,3a,7a-Ti)-3-(l ,3-dihydro-2/^ 
25 benzo[e]isoindol-2-yl)- 1 H-inden- 1 -yl)silanaminato-(2-)-N-)-titaniuni; 

(N-(cyclohexyl)-14-bis(4-methylphenyi)-l-((l^,33aJa-Ti)-3-(l,3-dihy^^^ 
benzo[e]isoindol-2-yl)-)- IH-inden- 1 -yl)silanaminato-(2-)-N-)-titanium dimethyl; 

(N-(cyclohexyl)- 1 a -bis(4-methylphenyl)- 1 -(( U33a,7a-Ti)-3-( 1 3-dihydro.2/^ 
benzo[e]isoindol-2-yl)-lH-inden-l-yl)silanaminato-(2-)-N-)-titanium bis(trimethylsilyhnethyl); 
30 (N-(cyclohexyl)-l,Ubis(4.methylphenyl)-l-((l,2,3,3a,7a.Ti)-3-(l,3-dihydro-2«- 
benzo[e]isoindol-2-yl). 1 H-inden- 1 -yl)silanaminato-(2-)-N-)-titanium 
(dimethylsilylene)bis(methylene); 

(N-(cyclohexyl). 1 , 1 -bis(4-methylphenyl)- 1 -(( 1 ,2,3,3a,7a-Ti).3-( 1 ,3-dihydro-2i/- 
benzo[e]isoindol-2-yl)-lH-inden-l -yl)silanaminato-(2-)-N-)-titanium (HI) 2-(N,N- 
35 dimethylamino)benzyl; 
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(N-(cyclohexyl)-l,l.bis(4.methylphenyl>l-((U3,3a,7a-Ti>^ 
benzo[e]isoindol-2-yl)-lH-inden-l-yI)silanaminatoK2^ (II) I,4-diphenyH,3. 

butadiene; 

5 dichloroCN-(14-dimethylethyl).l,l-bis(4-n.butylpheny^^^ 
2//-benzo[e]isoindol-2-^)-lH-inden-l-yl)silanammato-(2-)-N-)-ti^^^ 

(N-(l,l-dimethylethyl>ia-bis(4-n-butylphenyl)-l-((U3.3 
benzo[e]isoindol-2-yl)-lH-mden- 1 -yl)silanaminato-(2-)-N-)-titaniuin dimethyl; 
(N-(l,l-dimethylethyl).l,l-bis(4-n-butylphenyl)-K(l,23,3 
10 benzo[e]isoindol-2-yl)-lH-inden-l-yl)silanaminato-(2-)-N-)-titamum 

(N.(l,l-dimethylethyl)-l,l-bis(4-n-butylphenyl).K(l,233^^^^ 
benzo[6]isoindol-2-yl)-lH-inden-l -yl)silanaminato-(2-)-N-)-tita^^ 
(dimetbylsilylene)bis(metbylene); 

(N«^l,l-dimethylethyl)-14-bis(4-n-butylphenyl)-K(lA3,3^ 
1 5 benzo[e]isoindol-2-yl)- 1 H-inden- 1 -yl)silanaminato-(2-)-N-)-titanium (HI) 2-(N,N- 
dimethylamino)benzyl; 

(N-(l,I-dimethylethyl>14.bis(4-n-butylphenyl)-l-((lA33a,7a.TiH^^ 
benzo[e]isoindol-2-yl)- 1 H-inden- 1 -yl)silanaininato-(2->N-)-titanium (II) 1 ,4-diphenyl- 1 3- 
butadiene; 

20 

dichloro(N-(cyclohexyl)- 1 , 1 -bis(4-n-butylphenyl)- 1 -(( 1 ,2,33a,7a-n)-3-( 1 .3-dihydro-2//- 
benzo[e]isoindol-2-yl)-lH-inden-l-yl)silanaminato-(2-)-N-)-titanium; 

(N-(cyclohexyl)-l,l-bis(4-n-butylphenyl)-l-((l,2,33aJa-n)-3-(13-^^ 
benzo[e]isoindol-2-yl)-)- IH-inden- 1 -yl)silanaminato-(2-)-N-)-titanium dimethyl; 
25 (N.(cyclohexyl)-l,l-bis(4-n-butylphenyl)-l-((l^,33a,7a-Ti)-3-(13-dihyd 

benzo[e]isoindol-2-yl)- IH-inden- 1 -yl)silananiinato-(2-)-N-)-titanium bis(triinethylsilybnethyl); 

(N-(cydohexyl).l,l.bis(4.n.butylphenyl)-l-((U33aJa-Ti)-3-(13^^ 
benzo[e]isoindol-2-yl)-lH-inden-l-yl)silanaininato-(2-)-N-)-titanium 
(dimethylsilylene)bis(inethylene); 
30 (N-(cyclohexyl)-lJ-bis(4-n-butylphenyI)-l-((l,233a,7a.n)-3-(l,3-dihydr^ 
ben2o[e]isoindol-2-yl)-lH-inden-l -yl)silananiinato-(2-)-N-)-titanium (HI) 2-(N J^- 
dimethylamino)benzyl; 

(N-(cyclohexyl)-lJ-bis(4-n-butylphenyl)-l-((l,23,3a,7a-Ti)-3-(13-dihyd^^ 
benzo[e]isoindol-2-yl)-lH-inden- 1 -yi)silanaminato-(2-)-N-)4itanium (n) 1,4^^^ 
3S butadiene; 
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dicWoro(N.(l,WimethyIethyl)-l,l-diphenyI-l-((l,2,33aJa-^^^ 
benzo[i/e]isoquinolm-2(3/iO-yl]- 1 H-inden- 1 -yl)silaiiaminato-(2-)-N-)-titanium; 

(N-<l,l-dimethylethyl)-i,l-diphenyl4<(l,2^,3aJa-Ti)-3-[I/f-^^ 
S yl]-lH-inden-l-yl)silanammat(>-(2-)-N-)-titanium dimethyl; 

(N.(l,l-dimethyle%l)-lJ-diphenyl-l-((U^3a,7a-n>3-[l^^^ 
yl]-lH-inden-l-yl)silanaminato<2-)-N-)-titamumbis(tr^ 

(N-(l,lKiimethyIethyl).l,l-diphenyl.l.((l,23,3a.7a-ii>^^ 
yl]-lH-inden-l-yl)silanaminato-(2-)-N-)4itaiiium(dimethyl^^ 
10 (N<lJ-dimethylcthyl>14KUphenyl4<(U3.3a,7a-ii>3-[l/^beiK^ 

yl]-lH-inden-l-yI)silanaininato-(2-)-N-)-titaiiium (HI) 2-(NJ^-dimethylainino)benzyl; 

(N^lJ^methylethyl)-l,l-diphenyl-K(l,23,3a,7a-n>3-[l//-benzo^^^^ 
yl]-l H-inden- l-yl)silananiinato-(2-)-N-)-titamuin (II) l,4-diplienyl-l,3-butadiene; 

1 5 dichloro(N-(cyclohexyl). 1 , 1 -diphenyl- 1 -(( 1 ,2^,3a,7a-T])-3-[l/^benzo[rfe]isoquinolin- 

2(3/0-yl]-lH-inden-l -yl)siIanaminato-(2-)-N-)-titanium; 

(N.(cyclohexyl)-l,l-diphenyl-l-((l,23,3aJa-ii)-3-[l//-benzo[rf^^ 
inden-l*yl)silanaminato-(2-)-N-)-titanium dimethyl; 

(N-(cyclohexyl)-ljKliphenyl-l-((l,23,3a,7a-ii)-3-[l//-benzo[rfe]isoqm 
20 inden- 1 -yl)silanaminato-(2-)-N-)-titanium bis(trimetbylsilyhnethyl); 

(N-(cycIohexyl)-ia-diphenyl-l-((1.23.3a,7a-n)-3-[l/^ben2o[&]isoquino 
inden- 1 -yl)silanaminato-(2-)-N-)-titanium (dimethylsilylene)bi s(methylene); 

(N-(cyclohexyI)-l,l.diphenyl-l.((l,233aJa-Ti)-3-[l/^ben2otrfe^ 
inden- l-yl)silanaminato-(2-)-N-)-titanium (III) 2-(N^-dimethylamino)benzyl; 
25 (N-(cyclohexyl)-lJ-diphenyl-l-((l,23,3aJa.i]).3-[l//-ben2o[£/e]isoqum^^^ 
inden- l-yl)silanaminato-(2-)-N-)-titanium (11) l,4-diphenyl-l,3-butadiene; 

dichloro(N-( 1 , 1 -dimethylethyl)- 1 , 1 -bis(4-methylphenyl)- 1 -(( 1 ,2,3,3aJa-Ti)-3-[ li/- 
benzo[rfe]isoquinolin-2(3/i)-yi]- IH-inden- 1 -yl)siianaminato-(2-)-N-)-titanium; 
30 (N-(l,l-dimethylethyl).l,l.bis(4-methylphenyl)-.l-((l,233aJa.ii)-3-^ 

benzo[£/e]isoquinolin-2(3fl)-yl]-lH-inden-l-yl)silanaminat()-(2-)-N-)-titanium dimethyl; 

(N-(l,l-dimethylethyl)-l,l.bis(4-methylphenyl).l-((1^33aJa.Ti)-3-[l/^ 
benzo[</e]isoquinolin-2(3//)-yl]-lH-inden-l-yl)silanaminato-(2-)-N-)-titanium 
bis(trimethysilyhnethyl; 
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(N-(l,l-dimethylethyl).lJ.bis(4-methylphenyl).l.((1^33aJa-T^ 
benzo[ife]isoquinolin-2(3/0-yl]- 1 H-inden- 1 -yl)silanaininato-(2-)-N-)-titamum 
(dimethylsilyleiie)bis(inethylene); 

(N.(l,lHUmethylethyl).ia-bis(4-methylphenyl).K(1^33a,^^^ 
S benzo[dSe]isoquinolin-2(3/0-yQ-lH-inden-l-yl)silanami^^ (HI) 2-(NJN- 

dimethylamino)beiizyl; 

(N-(l,l-dimethylethyl>14-bis(4-mcthylphenylVK(lA3,3a,^^^^ 
benzo[Je]isoquinolin-2(3fO-yl]-lH.mden-l-yl)silanaminato^ (II) 1,4-diphenyl-l »3- 

butadiene; 

10 

dicMoro(N-(cyclohexyl)-14-bis(4.methylphenylVl-((l,2,33a,7a 
benzo[i/e]isoquinolin*2(3/0-yQ-l H-inden- 1 -yl)silanaminato-(2-)-N->-titaniiun; 

(NT(cyclohexyl)-l,l-bis(4-methylphenyl)-l-((l,2,33a,7a-ii)-3-[l/f^ 
2(3//)-yl]-lH-inden-l-yl)siIanamiimto-(2-)-N-)4itaniim dimethyl; 
15 (N-(cycIohexyl)-l,l-bis(4-methyIphcnyl)-l-((l,23,3aJa-ii)-3-[l/f-ben^ 
2(3//)-yl]-lH'-inden-l-yl)silaiiaminato-(2-)*N-)-titanium bis(trimethylsilylmetliyl); 

(N-(cyclohexyl)-l , 1 -bis(4-methylphenyl)- 1 -((1 ,2,3,3a,7a-Ti)-3-[l//-benzo[^/e]isoquinolin- 
2(3H)-yiy 1 H-inden- 1 -yl)silananiinato-(2-)-N-)-titanium (dimethylsilylene)bis(inethylene); 

(N-(cyclohexyl)- 1 4 -bis(4-methylphenyl)- 1 -(( 1 ,23 ,3a Ja-Tj)-3-[lif-benzo[rfe]is^^^ 
20 2(3i/)-yl]-lH-inden-l-yl)silanaminato-(2-)-N-)-titanium (IH) 2.(N,N-dimethylamino)ben2yl; 

(N-(cyclohexyl)- 1 , 1 -bis(4-methylphenyl)- 1 -(( 1 ,2,3 ,3a,7a-ii)-3-[li/-benzo[rfe]isoquinolin- 
2(3i^)-yl]-lH-inden-l-yl)silanamiimto-(2-)-N-)-titaniuin (II) l,4-diphenyH,3-butadiene; 

dichioro(N.(l,l^imethylethyl)-l,l-bis(4-n.butylphenyl)-l-« 
25 benzo[rfe] isoquinolin-2(3/0-yl]- IH-inden- 1 -yl)silanaminato-(2-)-N-)-titanium; 

(N.(l,l-dimethylethyl)-l,l-bis(4-n-butylphenyi)-l-((l,2,3,3a,7a-Ti)0-[l^ 
benzo[rfe]isoquinolin-2(3/0-yl]- IH-inden- 1 -yl)silanaminato-(2-)-N-)-titanium dimethyl; 

(N-(l,l^methylethyl)-l,l-bis(4-n-butylphenyl)-l-((l,2,3,3a,7a-n)-3-^ 
benzo[rfe]isoquinolin-2(3/0-yU-lH-inden-l-yl)silanaminato-(2-)-N-)-titani^ 
30 bis(trimethysilylmethyl; 

(N-(l,lKiimethylethyl)-l,l.bis(4.n-butylphenyi)-l.((l,2,3,3a,7a-n)-341^^ 
benzo[£/e]isoquinolin-2(3//>yl]-lH-inden-l-yl)silanaminato-(2-)-N-)4itam 
(dimethylsilylene)bis(methylene); 
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(N-(l,l-dimcthylethyl).14-bis(4-n-butyIphenyl>l-((l,2,^ 
benzo[€fe]isoquinolin-2(3/0-yl]-lH.inden-l-yl)silanami^^ (III) 2-(N^- 

diinethylamino)benzyl; 

(NKl,l-dimethylethyl>l,l.bis(4-n-butylphenyl>H(U^^ 
5 benzo[£fe]isoquinolin-2(3/0-yy-lH-inden-l-yl)silanamiim^ (U) l,4-diphenyl-l,3- 

butadiene; 

dichloro(N^cyclohexyI)-l,l.bis(4-n-butylpbenyl)-l-((l^;J3a,^^^ 
benzo[rfe]isoquinolm-2(3/0-yl]-lH-inden-l-yl)silanamiimt^ 
10 (N-(cyclohexyI).l,l.bis(4-n-butylphenyl>l-((l,233a,7a-^^^ 
2(3iiO-yl]-lH-inden-Uyl)si!anaminato-(2-)-N-)4itaniumdm^ 

(N-(cyclohexyl).l,l-bis(4-n-butylphenyl>l-((l,233aJa-Ti>3-[l/f-b^ 
2(3//)-yl]- IH-inden- 1 -yl)siIanatniiiato-(2-)-N-)-titanium bis(trimetbyl5ilylmethyl); 

(N-(cyclohexyl)-lJ.bis(4-n-butylphenyl>K(U2,33a,7a-ii>3-[li/-te 
1 5 2(3//)-yl]. 1 H-inden- 1 -yl)silanammato-(2-)-N-)-titaniuin (dimethylsilylene)bis(methylene); 

(N-(cyclohexyl)-l , 1 -bis(4-n-butylphenyl)- 1 -(( 1 ^,3»3a,7a-Ti)-3-[l/f.benzo[dfe]isoquinolin- 
2(3/i)-yl]-lH-inden-l-yl)silanaminato-(2-)-N-)-titaniuin (IE) 2-(N,N-dimethylamino)benzyl; 

(N-(cyclohexyl)- 1 , 1 -bis(4-n-butylphenyl)- 1 -(( 1 ,2,3,3a,7a-Ti)-3-[l 7/-benzo[£fe]isoquinolin- 
2(3/0-yl]-lH-inden-l-yl)silanammato-(2-)-N-)-titanium (II) U4-^phenyl-l,3-butadiene; 

20 

dichloro(N-(ljKlimethylethyl)4J-diphenyl-l-((i;i33a,7a-ii)-3-(N,NKlite 
IH-inden- 1 -yl)silanaminato-(2-)-N-)-titaniuin; 

(N-(ia-dimethylethyl)-l,l-diphenyl-l-((l,233a,7a-Ti)-3KN,N-dibei^^ 
l-yl)silanaiiiinato-(2-)-N-)-titanium dimethyl; 
25 (N-(l,l-dimethylethyl).ia-diphenyl-l-((l,2,3,3a,7a-ii)0<N,NHiiben^^ 
l-yl)silanaminato-(2-)-N-)-titanium bis(trimethylsilylmethyl); 

(N-(l,lKiimethylethyl)-14-diphenyi-K(l,23,3aJa-n)-3-(N,NKhbe^^ 
l-yl)silanaminato-(2-)-N-)-titanium (dimethylsilylene)bis(methylene); 

(N.( 1 ,1 -dimethylethyl)-! , 1 -diphenyl-1 -(( 1 ^,3.3a,7a-Ti).3-(N,N-dibenzylainino)«lH-inden- 
30 l-yl)silanaminato-(2-.)-N-)-titamuni (III) 2-(N,N-diniethylamino)benzyl; 

(N-(lJ-dimethylethyl)-l,lKliphenyl-l-((U3,3a7a-Ti)OKN,N-diben^ 
l-yl)silanaininato-(2-)-N-)4itanium (II) l,4-diphenyM,3-butadiene; 

dichloro(N -(cyclohexyl)- 1 , 1 -diphenyl- 1 -(( 1 ,2,3,3a,7a-Ti)-3-(N,N-dibenzylamino)- 1 H-inden- 
35 l-yl)silanaminato-(2-)-N-)-titaniuin; 
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(N-(cyclohexyl> 1 , 1 -diphenyl- 1 -(( 1 ^.3,3a,7a-ii)-3-(N J4-dibei^ 
yl)silanaminato-(2-)-N-)-titaniuni dimethyl; 

(N-(cyclohexyl)- 1 , 1 ^phenyl- 1 -(( 1 ,233a Ja-Ti)-3-(NJ4-dibenzy 
yl)siIanaminato-(2-)-N-)-titanium bis(triinethylsilylniethyl); 
5 N-(cyclohexyl)-l,l^iphenyl-l-((l,233a,7a.T|>3-(N,N-diben^ 
yl)sUanaminat(K2-)-N-)-titanium(dimethyIsilylene)bis(me%^ 

(N-(cyclohexyl)-lJ-diphenyl.l-((1^33a,7a-Ti)-3-(NJ4^ibenqr|M 
yl)siIanaininato-(2-)-N-)-titaiiium QB) 2-(N,N-dimethylamino)beii2yl; 

(N-(cyclohexyI).l , 1 -diphenyl- 1 -(( 1 ,233a,7a-ii).3-(N J4-dibeii2ylammo)-lH-mden-l - 
1 0 yl)silaiiamiiiato-(2-)-N-)-titanium (II) 1 ,4-diphenyl- 1 3-butadiene; 

dicWoro(N-(14^imethylethyl)-l,l.bis(4.methylphenyl)-^ 
dibehzylamino)- 1 H-inden- 1 -yl)si lanaininato-(2-)-N-)-titanium; 

(N-(l,Mimethylethyl)-I,l-bis(4-mcthyIphenyl)-K(lA^ 
1 5 IH-inden- 1 -yl)silanaminato-(2-)-N-)-titaniuin dimethyl; 

(N-(ljKlimethylethyl)-ia-bis(4-mcthy!phenyl)-K(U33a,7a.^^^ 
IH-inden- 1 -yl)5ilanaminato-(2-)-N-)-titanium bis(trimethylsiiylmethyl); 

(N-(l.l-dimethylethyl)-ia-bis(4-methylphenyl)-l-((l,233^^^^ 
IH-inden- 1 -yl)silanaminato-(2-)-N-)-titaniiim (dimethylsilylene)bis(methylene); 

20 (N-(l.l-dimethylethyl)-l,l-bis(4-methylphenyl).l-((l,233a,7a-n>^ 

lH-inden-l-yl)silanaminato-(2-)-N-)-titanium (III) 2-(N,N-dimethylamino)benzyl; 

(N.(ia-dimethylethyl)-lJ-bis(4.methylphenyl)-l.((l,23,3a7a.Ti)-3-(N,NKliben^ 
lH-inden-l-yl)silanaminato-(2-)-N-)-titamum (II) l,4-diphenyl-l,3-butadiene; 

25 dichloro(N-(cyclohexyl).l,l.bis(4-methylphenyl)-l-((U,3,3a,7a-Ti)-3-(NJ^- 
dibenzylamino)- IH-inden- 1 -yl)silanaminato-(2-)-N-)-titanium; 

(N-(cyclohexyl)- 1 , 1 -bis(4-methylphenyl)- I-((I,2,3.3a.7a-ii)-3-(NJ^-diben2yIamino> IH- 
inden- 1 -yI)silanaminato-(2-)-N-)-titanium dimethyl; 

(N-(cycIohexyl)-14-bis(4.methylphenyl)-l-((l,23,3aJa-ii)0-(NJ^-dibenzylamino> 
30 inden- 1 -yl)silanaminato-(2-')-N-)-titanium bis(trimethylsilylmethyl); 

(N-(cyclohexyl)-l,l-bis(4-methylphenyl)-l-((U3,3aJa-n)-3-(N,N-dibenzylamino)^ 
inden- 1 -yl)silanaminato-(2-)-N-)-titanium (dimethylsilylene)bis(methylene); 

(N-(cyclohexyl)- 1 , 1 -bis(4-methylphenyl)- 1 -(( 1 ,2,3,3a,7a-Ti)-3-(N,N-diben2ylamino)- IH- 
inden- l-yl)silanaminato-(2-)-N-)-titamum (III) 2-(N,N.dimethylamino)ben2yl; and 
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(N-(cyclohexyl)- 1 , 1 -bis(4-methylphenyl)- 1 -(( 1 ^ ,3,3a,7a.T|)-3-(N,N-dibenzylamino)- 1 H- 
inden- 1 -yl)silanaminato-(2-)-N-)-titaniuin (11) 1 ,4-diphenyl- 1 ,3-butadiene. 

dichloro(N-(l,WimethylethyI)-l,l-bis(4-n-butyIphenyl 
5 dibenzylammo)-lH-inden-l-yl)silanaininato-(2-)-N-)-titanium; 

(N-(I4-dimethylethyl)-l,l-bis(4-n-butylphenyl)-l-((1^33aJa-n>3^^ 
lH-inden-l-yl)silanaminato-(2-)-N-)-titaniuin dimethyl; 

(N-(l,lHlimethylethyl)-l,I-bis(4-n-butyIphenyl)-l-« 
lH-inden-l-yl)silanaminato-(2-)-N-)--titaniuin bis(trimethylsilylmetbyl); 
10 (N.(l,l-dimethylethyl)-l,l-bis(4-n-butylphcnyl>l-((l,233aja 

lH-inden-l-yl)silananiinato-(2-)-N-)-titaniuin (diinethylsilylene)bis(niethylene); 

(N-(lJ^imethyIethyl)-lJ-bis(4-n-butylphenyI>l-((l,233a.7a-n^^^ 
lH-inden-l-yl)silanamiiiat€>-(2-)-N-)-titaniuin (III) 2-(N^-dimethyIamino)beiizyl; 
(N-(l,l-dimethylethyl)-l,l-bis(4-n-butylphenyl)-l-((1^33aJa-^^ 
1 5 1 H-inden- 1 -yl)silanaminato-(2-)-N-)-titaniuin (II) 1 ,4-diphenyl- 1 3-butadiene; 

dicWoro(N-(cyclohexyl)-ia-bis(4.n-butylphenyl).l-((1^3,3aJ^^ 
dibenzylamino)-lH-inden-l-yl)silanaminato-(2-)-N-)-titanium; 

(N-(cyclohexyI)-l,l-bis(4-n-butylphenyl)-l-((i;Z33aJa-ii)-3-(N,N-^^ 
20 inden-Uyl)silanaminato-(2-)-N-)-titanium dimethyl; 

(N-(cyclohexyl)- 1 , 1-bis(4-n-butylphenyI)- 1 -(( 1 ^.3,3a,7a-Ti)-3-(N,N^ibenzylamino)- IH- 
inden- 1 -yl)silanaminato-(2-)-N-)-titanium bis(trimethylsilyhnethyl); 

(N-(cyclohexyl)- 1 , 1 -bis(4-n-butylphenyl)- 1 -(( 1 ;2,3,3a,7a-Ti)-3-(N,N-dibeii2ylamino)- IH- 
inden- 1 -yI)silanaminato-(2-)-N-)-titanium (dimethylsilylene)bis(methylene); 
25 (N-(cyclohexyl)- 1 , 1 -bis(4.n.butylphenyl). 1 -(( 1 ,2,3,3a,7a.Ti).3-(N,N-dibenzyIamino)- IH- 

inden-l-yI)silanaminato-(2-)-N-)-titanium (III) 2-(N,N-dimethylamino)benzyl; and 

. (N-(cyclohexyl)-14-bis(4-n-butylphenyl)-l-((l,233a,7a-Ti).3KN,N-dibei^^ 
inden-l-yl)silaiiaminato-(2-)-N-)-titanium (II) l,4-diphenyl-l,3-butadiene. 

For preferred embodiment B), illustrative metal complexes include those corresponding to 
30 the following formulas: 
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(IBS') 
CHj 



(IB7) 
CH) 

NC(CH3)3 \ Jc(avh 




^ ,or 

^ere R is phenyl, tolyl or butylphenyl, especially 4-tolyl or 4-n-butylphenyl; 

is} is methyl or Irimethylsilylmethyl or two R' groups together are 
(dimethylsilylene)bis(methylene); and 
S R^ is allyl, 2-(dimethylamino)benzyl, 1,4-pentadiene or l,4-diphenyU13-butadiene. 

In the complexes of the formula mi\ m2\ ffi3', IB4', IB5*, IB6', IB7', and IBS', the 
titanium metal is formally in the +3 oxidation state when R^ is allyl or 2-(dimethylamino)benzyl, and 
in the +2 oxidation state when R' is 1 ,4-pentadiene or 1 ,4-diphenyl-l 3-butadiene. 

Illustrative metal complexes according to embodiment B) of the present invention include 
10 the following complexes (which may duplicate in part complexes within embodiment A): 

dichIoro(N-( 1 , 1 -dimethylethyl)- 1 , 1 -diphenyl- 1 -(tetramethyl-ri- 
cyclopentadienyl)silanaminato-(2-)-N-)-titanium; 

(N-( 1 , 1 -dimethylethyl)- 1 , 1 -diphenyl- 1 -(tetramethyl-r|-cyclopentadienyl)silanaminato-(2-)- 
N-)-titanium dimethyl; 

1 S (N-( 1 , 1 -dimethylethyl)- 1 » 1 -diphenyl- 1 -(tetramethyl-r|-cycIopentadienyl)si lanaminato-(2-)- 

N-)-titanium bis(trimethylsilyhnethyl); 

(N-( 1 , 1 -dimethylethyl)- 1 , 1 -diphenyl- 1 -(tetramethyI-r|-cyclopentadienyl)si lanaminato-(2-)- 
N-)-titanium (dimethylsilylene)bis(methylene); 

(N-( 1 , 1 -dimethylethyl)- 1 , 1 -diphenyl- 1 -(tetramethyl-ii-cyclopentadienyl)siIanaminato-(2-)- 
20 N-)-titanium (III) 2-(N,N-dimethylamino)benzyl; 

(N-(l,l-dimethylethyl)-l,l-diphenyl-l-(tetramethyl-T]-cyclopentadienyl)silanaminato-(^^^ 
N-)-titanium (II) l,4-diphenyl-l,3-butadiene; 

dichloro(N-(cyclohexyl)- 1 , 1 -diphenyl- 1 -(tetramethyl-ii-cyclopentadienyl)silanaminato-(2-)- 
25 N-)-titanium; 

(N-(cyclohexyI)- 1 , 1 -diphenyl- 1 -(tetramethyl-ii-cyclopentadienyl)5ilanaminato-(2-)-N-)- 
titaniumdimethyl; 

(N-(cyclohexyl>l,l-diphenyl-l-(tetramethyl-n-cycIopentadienyl)silanaminato-(2-)-N-)- 
titanium bis(trimethylsilybnethyl); 
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(N-(cyclohexyl>- 1 , 1 -diphenyl- 1 -(tetramethyUT]<yclopenta(lienyl)silanaminato-(2-)-N-)- 
titanium (diinethyisilylene)bis(methylene); 

(N-(cyclohexyl)-UlHliphenyl-l-(tetramethyl-Ti-cyclopentadienyl)s^ 
titanium (m) 2-(N^-dimethylamino)ben2yl; 
5 (N-(cyclohexyl}- 1 , 1 -diphenyl- 1 -(tetramethyl-Ti-cyclopentadienyl)silanaminato-(2-)-N-> 

titanium (II) l,4-diphenyl-13-butadiene; 

dichloro(N-( 1 , 1 -dimethylethyl)- 1 , 1 -bis(4-methy lphenyl> 1 -(tetramethyl-ii- 
cyclopentadienyl)silanaminato-(2-)-N-)-titanium; 
10 (N-(l,l-dimethylethyl>l,l-bis(4-methylphenyl>l-(tetiMiethyI-n^ 
cyclopentadienyl)silanaminato-(2-)-N-)-titanium dimethyl; 

(N-(l,l-dimethylethyl)-l,l-bis(4-methylphenyl).l-(tetramethyl-Ti- 
cyclopentadienyl)silanaminato-(2-)-N-)-titanium bis(trimethylsilylmetfayl); 

(N-( 1 , 1 -dimethylethyl)- 1 , 1 -bis(4-methylphenyl)- 1 -(tetFamethyl-T)-cyclopentadienyl)- 
1 S silanaminaU)-(2-)-N-)-titanium (dimethylsilylene)bis(methylene); 

(N-( 1 , 1 -dimethylethyl)- 1 , 1 -bis(4-methylphenyl)- 1 -(tetramethyl-r|- 
cyclopentadienyl)silanaminato-(2*)-N-)-titanium (m) 2-(NJ4-dimethylamino)benzyl; 

(N-( 1 , 1 -dimethylethyl)- 1 , 1 -bis(4-methylphenyl)- 1 -(tetramethyl-ti- 
cyclopentadienyl)silanamiQato-(2-)-N-)-titanium (II) U4-diphenyl-I»3-butadiene; 

20 

dichloro(N-(cyclohexyl)- 1 , 1 -bis(4-methylphenyl)- 1 -(tetramethyl-r|- 
cyclopentadienyi)silanaminato-(2-)-N-)-titanium; 

(N-(cyclohexyl)- 1 , 1 -bis(4-methylphenyl)- 1 -(tetramethyl-'n-cyclopentadienyl)silanaminato 
(2-)-N-)-titaniumdimethyl; 
25 (N-(cyclohexyl)- 1 , 1 -bis(4-methylphenyl)- 1 -(tetramethyl-r|-cyclopentadienyl)silanaminato 

(2-)-N-)-titanium bis(trimethylsilyhnethyl); 

(N-(cyclohexyl)- 1 , 1 -bis(4-methylphenyl)- 1 -(tetramethyl-Ti-cyclopentadienyl)silanaminato 
(2-)-N-)-titamum (dimethylsilylene)bis(methylene); 

(N-(cyclohexyl)- 1 , 1 -bis(4-methylphenyl)- 1 -(tetramethyl-T]-cyclopentadienyl)silanaminato 
30 (2-)-N-)-titanium (IE) 2.(NjNJ-dimethylamino)benzyI; 

(N-(cycl ohexyl)- 1 , 1 -bis(4-methy Iphenyl)- 1 -(tetramethyl-n-cyclopentadienyl)silanaminato 
(2-)-N-)-titanium (II) l,4-diphenyl-13-butadiene; 

dichloro(N-( 1 , 1 -dimethylethyl)- 1 , 1 -bis(4-n-butylphenyl)- 1 -(tetramethyl-i)- 
35 cyclopentadienyl)silanaminato-(2-)-N-)-titanium; 
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(N-(lJ-dimethylethyl>Ul-bis(4-n-butylphenyl)-l-(tetramethy 
cyclopentadienyl)silanainmato-(2-)-N-)-titanium dimethyl; 

(N-(lJ-dimetbyletbyl)-Ul-bis(4<n-butylphenyl)-l-(tetrameA^^ 
cyclopentadienyl)silanaminato-<2-)-N-)4itaniumbis(t^ 
5 (N-(l,l-dimethylethyl)-l,l-bis(4-n-butylphenyl)-Htetrame 
silanaminato-(2-)-N-)-titanium(dimeihylsilylene)bis(m 

(N-(l,l-dimethylethyl)-l,l-bis(4-n.butylphenyl)-i-(tetrameA 
cyclopentadienyl)silanaminato-(2-)-N-)-titanium (in) 2-(N,N-diinetbylamino)benzyl; 

(N<lj*dimetfaylethyl)-l,l-bis(4-n-butylphenyl)-l-(tetra^ 
10 cyclopentadienyl)silanaminato-(2-)-N7)-titanium (II) l,4-diphenyl-13-butadiene; 

dicWoro(N-(cyclohexyl)-l,l-bis(4-n-butylphenyl)-l-<tetramethyl-Ti- 
cyclopentadienyl)silanaininato-(2-)-N->-titaniuin; 

(N-(cycloh^yl)-l , 1 -bi$(4-n-butylphenyl)- 1 -(tetramethyl-T^HrycIopentadienyOsilanaminato- 
15 (2-)-N-)-titamumdimethyl; 

(N-(cycIohexyl>l,l-bis(4-n-butylphenyl)-l-(tetramethyl-iis^ 
(2-)-N-)-titamum bis(trimethylsilylmethyl); 

(N<cyclohexyI)-14-bis(4-n-butylphenyl)-l-(tetramethyl-ii<yclo^ 
(2-)-N-)-titaniiun(diinethylsilylene)bis(methylene); 
20 (N-(cyclohexyl)-14-bis(4-n-butylphenyI)-l-(tetramethyUr|<yclopentad^ 
(2-)-N-)-titanium (III) 2-(NJ^-diinethylamino)beiizyl; 

(N-(cyclohexyl)- 1 , 1 -bis(4-n-butylphCTyl)- 1 -(tetramethyl-T]-cyclopentadienyl)silanamiiiato- 
(2-)-N-)-titamum (II) l»4-diphenyl-l,3-butadiene; 

25 dichloro(N-(lJ^imethylethyl)-ia-diphenyl-H(l,23.3a,7a-ii)-l^ 
inden- 1 -yl)silaiiaminato-(2-)-N-)-titanium; 

(N-(l J -dimethylethyl)- 1 J -diphenyl- 1 -((1 ^,3,3a Ja-Ti)-1 -methyM-phenyl-^ 
yl)silanaminato-(2-)-N-)-titanium dimethyl; 

(N-(l,l-dimethyIethyl).l,l«^iphenyl-l-((l,23,3aJa-ii).l.methyl-4.p^ 
30 yl)silanaminato-<2-)-N-)-titaniumbis(trimethylsilylmethyl); 

(N-(l J Klimethylethyl). 1 , 1 -diphenyl- 1 -(( 1 ,23 3a Ja-Ti)- 1 -methyl-4-phenyl4H.^ 
yl)silanaminato-(2-)-N-)-titanium (dimethylsilylene)bis(methylene); 

(N-(l , 1 Klimethylethyl)-! J-diphenyl-l -((1 ,233a,7a-Ti)-l-methyl-4-phenyl4H^ 
yl)silanaminato-(2-)-N-)-titanium (III) 2-(NJ^-dimethylamino)benzyl; 
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(N-( 1 4 Hiimethyle%l)- 1 4 -diphenyl- 1 -(( 1 ,233a Ja-n)- 1 
yl)silanaininato-(2-)-N-)-titaniuin (II) l,4-diphenyl-l,3-butadiene; 

dicWoro(N-(cyclohexyl)-l,l-diphenyl-l-((l,23,3a,7a-Ti)-l-methyl-4-phenyl-lH-^ 
S yl)silanaininato-(2-)-N-)-titanium; 

(N-(cyclohexyl)-l,l-diphenyl-l-((I^3>3a,7a-t))-l-methyl-4-phen 
yI)silanaininato-(2-)-N-)4itaniumdiinethyl; 

(N-(cyclohexyl)-l,l-diphenyl-l-((lA33a,7a-T))-l-methyl-4-p^^^ 
yl)silanaminato-(2-)-N-)-titanium bis(trimethylsilylinethyl); 
10 (N-(cyclohexyl)-14Kliphenyl-l-((1^3,3a,7a-ii)-l-methyi-4-pbenyl-lH-m^ 
yl)silanaininato*(2-)-N-)-titaniuin (dimethylsilylene)bis(inethylene); 

(N-(cyclohexyl)- 1 J -diphenyl- 1 -(( 1 A3 ,3a,7a-ii)- 1 -methyl-4-phenyU 
yl)silaiiaininato-(2-)-N-)-titanium (III) 2-(NJ^-diinetfaylamino)benzyl; 

(N-(cyclohexyl)-14Kliphenyl-l-((lA3,3a,7a-ii)-l-methyl-4-phenyl-lH^^ 
IS yl)silanainiiiato-(2-)-N-)-titaniuin (II) l,4-diphenyl-l,3:butadiene; 

dicUon)(N-(l,l-dimethylethyl)-lJ-bis(4-methylphenyl)-l-((1^33aJ^^ 
phenyl- 1 H-inden- 1 -yl)silanaminato-(2-)-N-)-titanium; 

(N-(l,l-dimethylethyl)-14-bis(4-methylphenyl)-K(U233a,7a-T|)-l-^^ 
20 inden-l-yl)5ilanamiiiat(K2-)-N-)-dtaniuin dimethyl; 

(N-(l,l-dimethylethyl)-lJ-bis(4-methylphenyl)-K(l»233a.7a-n)-l-met^^^ 
uiden- 1 -yl)silananiinato-(2-)-N-)-titanium bis(trimethylsilybnethyl); 

(N-(l , l-dimethyle%l)- 1 4-bis(4-methylphenyl)-K(l ^33a»7a-n)-l-meA^^ 
inden- 1 -yl)silanaininato-(2-)-N-)-titaniiun (dimethylsilylene)bis(inethylene); 
25 (N-(lJ-dimethyle%l)-lJ-bis(4-methylphenyl)-l-((U33a,7a-n^^^ 
inden- l-yl)silaiiaininato-(2-)-N-)-titanium (m) 2-(NJ4-dimethylamino)benzyI; 

(N.(lJ-diniethylethyl)-14-bis(4-niethylphenyl)-l-((1^33a,7a-Ti>l-meA^^ 
inden- l-yl)silanaminato-(2-)-N-)-titaniuni (II) U4-diphenyl-l,3-butadiene; 

30 dichloro(N-(cyclohexyl)-14-bis(4-methylphenyl>l-((l,233a,7a-T|)-l-methyl-4-phra^^ 
inden- 1 -yl)silanaminato-(2-)-N-)-titanium; 

(N-(cyclohexyl)-l,l-bis(4-methylphenyl)-l-((l,233a,7a-ii)-l-methyl-4-phenyl-lH-m^ 
1 -yl)silanaminato-(2-)-N-)-titanium dimethyl; 

(N-(cyclohexy 1)- 1 , 1 -bis(4-methylphenyl)- 1 -(( 1 ,2,3,3a,7a-ii)- 1 -methyl-4-phenyl- 1 H-inden- 
35 I-yl)silanaminato-(2-)-N-)-titanium bis(trimethylsilybnethyl); 
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(N-(cyclohexyl)- 1 , 1 -bis(4-methylphenyl)- 1 -((1 ^,3,3a,7a-n)-l-methyl-4-phenyl-lH-inden- 
l-yl)silanamiimto-(2-)-N0-titamum(dimethylsilylene)bis(m 

(N-(cyclohexyl)-l,l-bis(4-methylphenyl)-K(l,2,33a,7a-Ti>l-me%^ 
l-yl)silanaminato-(2-)-N-)-titaniuni (III) 2-(NJ<I-dimethylamino)benzyl; 
5 (N-(cyclohexyl)-14-bis(4-methylphenyl)-H(l,233a,7a-n)-l-methyl-^^ 
l-yl)silanaininato-(2-)-N-)-titaiiiuin (II) 1 ,4-diphenyl- 1 ,3-butadiene; 

dichloro(N-(14-dimethylethyl)-lJ-bis(4-n-butylphenyl)-l-((l,233a^ 
phenyl- 1 H-inden- 1 -yl)silanammato-(2-)-N-)-titaniuin; 
10 (N.(14-dimethylethyl)-l,l-bis(4-n-butylphenyl)-l-((l^,33a,7a-^^ 
inden-l-yl)silanaininato-(2-)-N-)-titanium dimethyl; 

(N-(lJ-dimethylethyl>l,i-bis(4.n-butylphenyl)-l-((1^33a,7a-ii)-l-m^ 
inden- 1 -yl)silaiiaminato-(2-)-N-)-titaniuni bi$(triinethylsilylinetbyl); 

(N-(14-dimethylethyI>l,l-bis(4-n-butylphenyl)-l-((lA33a,7a.n 
1 S inden- 1 -yl)silanaminato-(2-)-N-)-titanium (dimethylsilylene)bis(niethylene); 

(N.(l,l-diniethylethyl)-l,l-bis(4.n-butylphenyl)-H(l,2,3,3a,7a-n)-l^ 
inden- l-yl)silanaininato*(2-)-N-)-titaniiim (m) 2-(NJ^-dimethylamino)benzyl; 

(N-(l ,1 -dimethylethyl)- 1 , l-bis(4-n-butylphenyl)- 1 -((1 ^,3,3a,7a-T|)- 1 -methyl-4-phenyHH- 
inden- l-yl)silanaminato-(2-)-N-)-titaniiun (II) l,4-diphenyl-l,3-butadiene; 

20 

dichloro(N-(cyclohexyI)- 1 , 1 -bis(4-n-butylphenyl)- 1 -(( 1 ,2,3,3a,7a-Ti)- 1 -methyl-4-phenyl- 
IH-inden- 1 -yl)silanaminato-(2-)-N-)-titanium; 

(N-(cyclohexyl)- 1 , 1 -bis(4-n-butylpheny I)- 1 -(( 1 A3,3a,7a-Ti)- 1 -methyl-4-phenyl- 1 H-i nden- 
l-yl)silanaminato-(2-)-N-)-titanium dimethyl; 
25 (N-(cyclohexyl)-lJ-bis(4-n-butylphenyl)-l-((l,2,33a,7a-Ti)-l-methyl-4-phenyl-lH-i 
l-yl)silanaminato-(2-)-N-)-titanium bis(trimethylsilylmethyl); 

(N-(cyclohexyl)- 1 , 1 -bis{4-n-butylphenyl)- 1 -(( 1 ^,3,3a,7a-Ti)- 1 -methyl-4-phenyM H-inden- 
l-yl)silanaminato-(2-)-N-)-titanium(dimethylsilyIene)bis(methylene); 

(N-(cyclohexyl)-l ,l-bis(4-n-butylphenyl)-l -((1 ,2,3,3a,7a-ii)-l-methyl-4-phenyl-lH-inden- 
30 l-yl)silanaminato-(2-)-N-)-titanium (III) 2-(N^-dimethylamino)benzyl; 

(N-(cyclohexyl)-l,l-bis(4-n-butylphenyl).l-((l,2,3,3a,7a-Ti)-I-methyl-4-phenyl-lH-inden- 
l-yl)silanaminato-(2-)-N-)-titanium (II) l,4-diphenyl-l,3-butadiene; 

dichloro(N-(l,l-dimethylethyl)-l,l-diphenyl-l-((l,2,33a,7a-Ti)-3-(l-pyrroIidinyl)-m 
3S inden- 1 -yl)silanaminato-(2-)-N-)-titanium; 
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(N-(Ul-dimethylethyl)-lJ^iphenyl-K(l,2^,3aJa-Ti>3-(l.pyTO 
yl)siIanaminato-(2-)-N-)-titamiiin dimethyl; 

(N-(14-dime%lethyl)-l,l-diphenyl-H(i;?33aJa-Ti>3-(l-pyrrolidm^^ 
yl)silanamitmtoK2-)-N0*titaniumbis(trimetbylsilyl^^ 
5 G*-(l,lKiimethylethyl)-14Kliphenyl-l-((1^3,3a,7a-Ti>3-(l-^^ 
yl)silanaminatoK2-)-N0~ti^'^(cIin)ethylsilylene)^ 

(N-(l,l-dimethylethyl)-l,l-diphenyl-K(l,23,3aJa-n>3-(l-^^ 
yl)silanaminato-(2-)-N-)-titanium (ID) 2-(N^-diineftyIamino)benzyl; 

(N-(l,l^methylethyl)-l,l-diphenyl-K(l,2^3aJa-ii)0-(l-py^^ 
10 yl)silanaminato-(2-)-N-)-titanium(II) l,4-diphenyl-13-^^ 

dichloro(N-(cyclohexyl)-Ul-diphenyUl-((l,2,3,3a,7a-ii)-3-(l-pyrroU^ 
yl)silanaminato-(2-)-N-)-titanium; 

(N-(cyclohexyl).l,l-diphenyl.l-((l,2,33aJa-ii).3-(l-pyn'o 
1 5 yl)silanaininato-(2-)-N-)-titaiuuindiinethyl; 

(N-(cyclohexyl)-14-diphenyl4-((lA3,3a,7a-ii)-3-(l-pyrTOlidin^^ 
yl)silanaminato-(2-)-N-)-titaniimibis(trime1faylsilylme^^^ 

(N-(cyclohexyl)-l,l-diphenyl-l-((lA3,3a,7a-Ti)0-(l-pyrrolidinyl)-lH 
yl)silanaminato<2->N-)-titamum(dimethylsilyIene)bis(meth^^ 
20 (N-(cyclohexyl)-l,l-diphenyl-l-((lA3.3a,7a-ti)-3-(l-pyrrolidi^^^^ 
yl)silanaminato-(2-)-N-)-titaniuiii (III) 2-(N,N-dimetfaylamiao)benzyl; 

(NKcyclohexyl)-l,l-diphenyl-l-((1.23,3aJa-ii>3-(UpyiTolidinyl)-lHM^^ 
yl)silanaminato-(2-)-N-)-titanium (II) l,4-diphenyl-I,3-butadiene; 

25 dichloro(N-(lJ-dimethylethyl)-l,l-bis(4-methylphcnyl).l-((1^3,3aJa-n^^^ 
pyrrolidinyi)- 1 H-indcn- 1 -yl)silanaminato-(2-)-N-)-titanium ; 

(N-(14-dimethylethyl)-14-bis(4-methylphenyl)-l-((1^33a,7a-n)-^ 
inden- 1 -yl)silanaminato-(2-)-N-)-titanium dimethyl; 

(N-(14-dimethylethyl)-lJ-bis(4-methylphenyl)-l-((U,33a,7a-ii)OKl-py^^^ 
30 inden- 1 -yl)silanaminato-(2-)-N-)-titanium bis(trimethylsilylmethyl); 

N-(l,l-dimethylethyl)4J-bis(4-methylphenyl)-lK(l,23,3aJa-n)-3-(l-pyTO^ 
inden- 1 -yl)silanaminato-(2-)-N-)-titanium (dimethylsilylene)bis(methylene); 

(N-(ia-dimethylethyl)-lJ-bis(4-metbylphenyl)-l-((l,23,3a,7a-Ti>3-(l-pyrroi^^^ 
inden- l-yI)silanaminato-(2-)-N-)-titanium (HI) 2-(N«N-dimethylamino)benzyl; 

-32. 



wo 01/42315 PCT/USOO/31645 

(N-(l,lKlimethylethyl).l,l-bis(4-methylphenyl)-l-((1^33a,7a-ii>^^^ 
inden- 1 -yl)silanaininato-(2-)-N-)-titanium (II) 1 ,4-diphenyl-l ,3-butadiene; 



dichloro(N-(cyclohexyl)- 1 , 1 -bis(4-methylpbenyl)- 1 -((1 ;2,3,3a,7a-Ti)-3-(l -pyrrolidinyl)- IH- 
5 inden-l-yl)silanaininato-(2-)-N-)-titanium; 

(N-(cyclohexyl> 1 , 1 -bis(4-methylphenyl)- 1 -(( 1 ,233a,7a-ii>3<l -pyrro 
yl)silanaimiiato-(2-)-N-)-titanium dimethyl; 

(N-(cyclohcxyl>l,l-bis(4-metbylphenyl)-l-((lA3,3a,7a-ii>3-(l-py^ 
yl)silanaminato-(2-)-N-)-titaniiunbis(trimethylsil^ 
10 (N-(cyclohexyl)-lJ-bis(4.methylphenyl)-l-((1^3»3a,7a.Ti>3-(l-pyTO^ 
yl)silanaminato-(2-)-N-)-titamiim(dimetfayIsilylene)bis(me%^ 

(N-(cyclohexyl)- 1 , l-bis(4-methylphenyl> 1 .(( 1 ;2,3,3a,7a.T])0-(l 
yl)silanaimnato-(2-)-N->titaniuin (in) 2-(NJ4-dimethyla]nino)beiizyl; 

(N-(cyclohexyl)-14-bis(4-methylphenyl>l-((l^,33a,7a-Ti)-3-(l-pyTO 
1 S yl)silanaminato-(2-)-N-)-titamum (II) 1 ,4-diphenyI- 1 ^-butadiene; 

dichloro(N^14-dimethylethyl)-14-bis(4-n-butylphenyl>l-((1^33aJa.n^^^ 
pyrrolidinyl)- IH-inden- 1 -yl)silanaminato-(2-)-N-)-titaniuin; 

(N.(ia-dimethylethyl>lJ-bis(4.n-butylphenyl)-H(U3,3aJa-Ti)-3-(l-p^^ 
20 inden- l-yl)silanainmatcK(2-)-N-)-titaniiun dimethyl; 

(N-(l,l-dimethylethyl)-ia-bis(4-n-butylphenyl)-l-((U,33aJa-Ti)-3-(l-pyi^^ 
inden- 1 -yl)siianaininato-(2-)-N-)-titaniuin bis(tri methylsilylmethyl); 

N-(l,l-dimethylethyl)-l,l-bis(4-n-butylphenyl)-K(U3,3aJa-7i).3-(l-py^^^ 
inden- 1 -yl)silanaminato-(2-)-N-)-titanium (diinethylsilylene)bis(methylene); 
25 (N-(lJ-dimethylethyl)-Ul-bis(4-n-butylphenyl)-l-((I,2,3,3aJa-^^^^ 
inden- l-yl)silanaminato-(2-)-N-)-titanium (III) 2-(N,N-dimethylamino)ben2yl; 

(N.(l,lKlimethylethyl).ia-bis(4.n-butylphenyl)-l<((l,2,33aJa-Ti)-3-(l-p^^^ 
inden- l-yl)silanaminato-(2-)-N-)-titanium (II) l,4-diphenyl-U3-butadiene; 

30 dichloro(N-(cyclohexyl). 1 , 1 -bis(4.n-butylphenyl)- 1 -((1 ,2^,3a,7a-Ti)-3-( 1 -pyrrolidinyl)-! H- 

inden- 1 -yl)silananiinato-(2-)-N-)-titanium; 

(N-(cyclohexyl)-l,l-bis(4-n-butylphenyl)-l-((1.2,33a,7a-Ti)0-(l-pyiTolidinyl)-^ 
yl)silanaminato-(2-)-N-)-titanium dimethyl; 

(N.(cyclohexyl)-lJ.bis(4-n-butylphenyl).l.((l,23,3aJa-Ti>3-(l-pynroM^^ 
35 yl)silanaminato-(2-)-N-)-titaniumbis(trimethylsilylmethyl); 
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(N-(cyclohexyl)-ia-bis(4-n-butylphenyl>H(U,3,3a,7a-n)-3-(Up^^ 
yl)silanaminato-(2-)-N-)4itanium(dimethylsilylene)bis(met^^^ 

(N-(cyclohexyl)-l,l-bis(4-n-butylphcnyI).l-((l,23,3a,7^^^ 
yl)silanaminato-(2-)-N-)-titanium (III) 2-(N,N-diincthylamino)benzyl; 
5 (N-(cyclohexyl)-l,l-bis(4-n-butylphenyl>H(l,23,3aJa-n)-3-(l-p^^ 
yl)silanaminato-(2-)-N-)-titanmm (II) l,4-diphenyl-l,3-butadiene; 

dichloro(N-(l,l-dime%lethyI)-l,lKliphenyl-l.((l,233a^^^^ 
pyridinyl>lH-inden-l-yI)siianaminato-(2-)-N-)4it^ 

10 (N-(l,lKlimethylefhyl>iaHliphenyl-lK(l^,3,3a,7a-ii)-3-(2,3,4,54^ 
IH-inden- 1 -yl)silanaminato-(2-)-N-)-titanium dimethyl; 

(N<l,Mimethylethyl>ia^liphenyl-H(U33aJa-ii)-3-(2,3,4,54efr^ 
lH-mden-l-yl)silanamiimto-(2-)-N0-titaniumbis(trimeth^ 

(N-(l,l-dimethylethyl)-14:diphcnyl-l-((l,2,3^aJa-Ti)-3-(2;^ 
15 lH-inden-l-yl)snanaminato-(2-)-N0-titanium(dimethylsilylene)b^ 

(N.(l,lKKmethyle%l).l,l-diphenyl.l-((l,23,3aJa-Ti)-3-(23,4,54e^^ 
iH-inden.l-yl)silanaminato-(2-)-N-)-titamuin (III) 2-(NJ»I-dimethylainino)benzyI; 

(N-(ljKlimethylethyl)-l,l-diphenyl-l-((l,2,33a,7a-Ti)-3-(23,4,5-te 
lH-inden-l-yi)siIanaminato-(2-)-N-)-titanium (II) l,4-diphenyl-l,3-butadiene; 

20 

dichloro(N-(cyclohexy 0- 1 , 1 -diphenyl- 1 -(( 1 ,2,3,3a,7a-Ti).3-(2,3,4,5-tetrahydro- 1 -pyridinyl)- 
IH-inden- 1 -yl)silanammato-(2-)-N-)-titaniiim; 

(N-(cyclohexyl)-l,MiphenyUl.((l,23,3a,7a-Ti)-3-(23,4,5-tetrahydro-^ 
inden- 1 -yl)silanaininato-(2-)-N-)-titanium dimethyl; 
25 (N-(cyclohexyl)-l,l-diphenyl-l-((l,23,3aJa-Ti)-3-(2,3A5-tetrahydro-l-p^ 
inden- 1 -yl)silanaminato-(2-)-N-)-titanium bis(trimethylsilylmethyl); 

(N-(cyclohexyl)-l,l.diphenyl-K(l,23.3aJa-Ti)-3-(23,4,5-teti^ydro-l-pyri^^^ 
inden- 1 -yl)silanaminato-(2-)-N-)-titanium (dimethylsilylene)bis(methyiene); 

(N-(cycIohexyl)-l,lKliphenyI.l-((l,23,3aJa-n)-3-(2,3A5-tetrahydro.l.py^^^ 
30 inden- 1 -yl)silanaminato-(2-)-N-)-titanium (III) 2-(N^-dimethylamino)benzyl; 

(N.(cyclohexyl).l,l.diphenyl-l-((U,33aJa-Ti).3.(23,4,54etrahydro-l-py^^^ 
inden- l-yl)silanaminato-(2-)-N-)-titanium (II) l,4.diphenyH,3-butadiene; 

dichloro(N-(l,i-dimethylethyl)-l,l-bis(4-methylphenyl).l-((l,2,3,3a,7a.Ti)-3-(2.3,4,5. 
35 tetrahydro-l.pyridinyl)-lH-inden-l-yl)silanaminato-(2-)-N-)-titanium; 
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(N-(l.lKlimethylethyl>l,l-bis(4.methylphenyl>l.((l,233a.7a-^ 
pyridinyl)-lH-inden-l-yl)silanaminato-(2-)-N-)-titaniuin dimethyl; 

(N-(l,I^imethylethyl>l,l-bis(4-methylphenyl)-l-((l,233a^^ 
pyridinyl)-lH-inden-l-yl)silaDaininato-(2-)-N-)-titanium bis(trimethylsnylmethyl); 

5 (N<ia.dimetbylethyl>14-bis(4-methylphenyl)-l-((l,23.3a,7a^^ 
pyridinyl)-lH-inden-l-yl)silanaininatoK20-N-)-titamum(dim^ 

(NKl,lKlimethyle%l>l,l-bis(4-methylphenyl)-K(l,233^^^^ 
pyridinyl)-lH-inden.l.yl)silanaminato-<20-N0-titanium (III) 2-(NJ*-dimethylainino)ben2yl; 

(N<l,l-dimethylethyl)-l,l-bis(4.methylphenyl).l-((l,233a^^ 
10 pyridinyl)-lH-inden-l-yl)silanaminato-(20-N-)-titaniuin (B) l,4-diphenyl-13-butadiene; 

dichloro(N-(cyclohexyl)-14-bis(4-methylphenyl)-l-((1^33aJa-Ti> 
1 -pyridinyl)- IH-inden- 1 -yl)silanaininato-(2-)-N-)-titanium; 

(N-<cyclohexyl)-ia-bis(4-methylphenyI).lK(l,233a,7a-^^^^ 
1 5 pyridinyl)- IH-inden- 1 -yl)silanaininato-(2-)-N-)-titanium dimethyl; 

(N-(cyclohexyl)-l.l-bis(4.methylphenyl).l-((l,23,3a,7a-n 
pyridinyl)-lH-inden-l-yl)silanaminato-(2-)-N-)-titanium bis(trimethylsilyhnethyl); 

(N.(cyclohexyl).l,l-bis(4.methylphenyl)-I.((i,233a,7a-Ti)-3-(23,4,54etr^ 
pyridinyl)-iH-inden-l-yl)silanamiiiatoK20-N-)4itanium(dimethyIsity^^ 
20 (N.(cyclohexyl)-l,l-bis(4.methylphenyl>l-((lA33a,7a-Ti)0-(23.4,5-tet^^ 

pyridinyl)- IH-inden- l-yl)silanaminato-(2-)-N-)-titanium (III) 2-(NJ^-dimethylamino)ben2yl; 

(N-(cyclohexyl)-l,l-bis(4-methylphenyl)-l-((U33aJa-r|)0-(23,4,5-tetrahy 
pyridinyl)- lH-inden-l-yl)silanaminato-(2-)-N-)-titanium (11) l,4-diphenyl-l,3.butadiene; 

25 dichloro(N-(l,l-dimethylethyl)-l,l.bis(4-methylphenyl)-l-((U33a,7a-ii)-3-(2,^ 
tetrahydro- 1 -pyridinyl> 1 H-inden- 1 -yl)silanaminato-(2-)-N-)-titanium; 

(N-( 1 , 1 -dimethylethyl)- 1 J -bis(4-methylphenyl). K( 1 ^3,3a,7a-Ti)-3-(23 A5-tetra^ 
pyridinyl)- 1 H-inden- 1 -yl)silanaminato-(2-)-N.)-titanium dimethyl; 

(N.(ia.dimethylethyl).14.bis(4-methylphenyl)-l-((l,233a,7a-n)-3-(23,4,5-tetrah 
30 pyridinyl>lH-inden- 1 -yl)silanaminato-(2-)-N-)-titanium bis(trimethylsilyhnethyl); 

(N.(l,l.dimethylethyl).lJ.bis(4-methylphenyl)-l-((lA33a,7a-Ti).3-(23,4^ 
pyridinyl)- 1 H-inden- 1 -yl)silanaminato-(2-)-N-)-titanium (dimethylsilylene)bis(methylene); 

(N-(l,Udimethylethyl)-l,l-bis(4-methylphenyl).l-((I,233a7a-Ti).3-(23,4,5-t 
pyridinyl). IH-inden- 1 .yl)silanaminato-(2-).N-).titanium (ID) 2-(NJ>J.dimethyIamino)benzyl; 
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(N.(lJ-dimethyIethyl>l,l-bis(4-methylphenyI)-K(l,233a,7^^ 
pyridinyl)- IH-inden- 1 -yl)siIanaminato-(2-)-N-)-titaniuin (II) 1 ,4-diphenyl- 1 »3*butadiene; 

dichloro(N-(cyclohexyl)-l,l-bis(4.n.butylphenyl).l-((l,2,^ 
1 -pyridinylV 1 H-inden- 1 -yl)siIanammato-(2-)-N-)-titaniuin; 

(N-(cyclohexyl).l,l.bis(4.n-butylphenyl).K(l,23,3a,7a.Ti)-3-^^ 
pyridmyl)-lH-inden-l-yl)silanaminato-(2-)-N-Hitanium dimethyl; 

(NKcyclohexyl)4,l-bis(4-n-butylphenyl).l-((l,2.3,3aJa-i^^^ 
pyridinyl)- IH-inden- 1 -yl)siIanamiiiato-(2-)-N-)*titaniuin bis(triniethylsilylinethyl); 

(N-(cyclohexyl).l,l-bis(4-n-butylphenyl).l.((l,23,3aJa.Ti).^ 
pyridinyl)- 1 H-inden- 1 -yl)siIanaininato-(2-)-N-)-titanium (diniethylsilylene)bis(methylene); 

(N-(cyclohexyl)-ia-bis(4.n-butylphenyl)-l-((U,33aJa-Ti>3-(23,4,5-teto^ 
pyridinyl)-lH-inden-l-yl)silanaminato-(2-)-N-)-titanium (III) 2-(NJ>f-dimethyIamino)benzyl; 

(N-(cyclohexyl)-14-bis(4.n-butylphenyI)-l.((1^3,3a,7a-ii)-3-(23A54eto^^ 
pyridinyl)-! H-inden- l-yl)silanaminato-(2-)-N->titanium (II) l,4-diphenyl-I,3-butadiene; 

dichloro(N-(l,l.dimethyiethyl)-l,l-diphenyI-l-((l^,33a,7a-Ti)-3-(l,3-dihydro^ 
2-yl)- IH-inden- 1 -yl)silanaminato-(2-)-N-)-titanium; 

(N.(l,l-dimethylethyl)-lJ^iphenyi-l-((l,233aJa-n>3-(13^^^ 
IH-inden- 1 -yl)silanaminato-(2-)-N-)-titanium dimethyl; 

(N-(l,lKlimethylethyl)-l,MiphenyI-l-((l,2,33aJa-Ti)-3-(13-dihydro-2^-iso 
IH-inden- 1 -yl)silanaminato-(2-)-N-)-titanium bis(trimethylsilylmethyl); 

(N-(l,l-dimethylethyl)-lJ-diphenyl-l-((l,2,3,3a,7a-n)-3-(13-dihydro-2#^^ 
IH-inden- 1 -yl)silanaminato-(2-)-N-)-titanium (dimethylsiiylene)bis(methylene); 

(N-(l , 1 -dimethylethyl)- 1 , 1 -diphenyl-l -(( 1 ,2,3,3a,7a-Ti)-3-(l ,3-dihydro-2^-isoindol-2-yl). 
IH-inden- 1 -yl)silanaminato-(2-)-N-)-titanium (III) 2-(N,N-dimethylamino)benzyl; 

(N-( 1 , 1 -dimethylethyl)-! , 1 -diphenyl-1 -((1 ,2,3,3a,7a-Ti)-3-(l ,3-dihydro-2fl.isoindol-2.yI). 
IH-inden- l-yl)silanaminato-(2-)-N-)-titanium (II) l,4-diphenyl-l,3-butadiene; 

dichIoro(N-(cyclohexyl)- 1 , 1 -diphenyl- 1 -(( 1 ,2,3,3a,7a-ii>3-(l ,3-dihydro-2/f-isoindol-2-yl)- 
IH-inden- 1 -yl)silanaminato-(2-)-N-)-titanium; 

(N-(cyclohexyl)-l,l-diphenyl-l-((l,23,3aJa.n)-3-(i3-dihydro-2/f-isoindol-2-yl)-lH- 
inden- 1 -yl)silanaminato-(2-)-N-)-titaniumdimethyl; 

(N-(cyclohexyl)- 1 , 1 -diphenyl- 1 -((l,2,3,3a,7a-ti).3.(i ,3-dihydro-2i/-isoindol-2-yI)-lH. 
inden-l-yl)silanaminato-(2.)-N-)-titanium bis(trimethylsilylmethyl); 
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(N.(cyclohexyl)-l,lKiiplienyl.l-((U233aJa-n)-3Kl,3-dihy*^^ 
inden- 1 -yl)silananiinato-(2-)-N-)-titanium ((liniethylsilylene)bis(methylene); 

(N-(cyclohexyl)-14Kiiphenyl-l-((U3,3aJa.Ti)-3-(13-dihyd^^^ 
inden-l-yl)silanaminato-(2-)-N.)-titaniuin (III) 2^J^-diinethylamino)benzyl; 
5 (N-(cyclohexyl).lJ-diphenyl-l-((lA3,3a,7a.ii).3Kl,3Hlih 

inden- l-yl)siIanaminato-(2->N-)-titaniuin (II) l,4-diphenyUl,3-butadiene; 

dichloro(N-<lJ-dimethylethyl)-14.bis(4-methylphenyl)-l-((i;23^^ 
2/^isoindol-2-yl)-lH-inden-l-yl)silanammato-(2-)-N-)-titanium; 
10 (N-(l,l-dimethylethyl)-ia-bis(4-mrthylphenyl)-l.((i;J3^^ 
isomdol-2-yl)-lH7mden-l-yl)silanaminato-(2-)-N-)-titaniumdm^ 

(N-(ljKlimethylethyl)-14-bis(4-methylphenyl)-I-((l,23,3a,7a-ii)-3 
isomdol-2-yl)-lH-inden-l-yl)silananimato-(2-)-N--)-titaniuni bis(trimethylsilylmethyl); 

(N.(l,l-dimethylethyl)-l,l-bis(4.methylphenyl)-K(l,23,3a,7^^ 
15 isomdol-2-yl)-lH-inden-l-yl)silanaminato-(20-N-)-titanium(dim 

(N-(14Klimethylethyl)-14-bis(4-methyIphenyl)-K(1^3.3a7^^^ 
isoindol-2-yl)-lH-inden-l.yl)silanammato-(2.)-N-)-titanium (IE) 2-(N,N-dimethylamino)bcnzyl; 

(N-(l,l-dimethylethyl>lJ-bis(4-methylphenyl)-K(U3,3a,7a-^^^^ 
isoindol-2-yl)-lH-inden-l-yl)silanaminato-(2-)-N-)-titaniuna QJ) 1,4-diphenyl-l ^-butadiene; 

20 

dichloro(N-(cyclohexyl)-14-bis(4-methylphenyl)-l.((l,23,3aJa-n>3-(13-dih^ 
isomdol-2-yl)-lH-mden-l-yl)silanaminato-(2-)-N-)-titanium; 

(N-(cyclohexyI)-l,Nbis(4.methylphenyl)-H(U,3,3aJa-n)0-(l,3-dihydi^ 
yl)-lH-inden-l -yl)silanaminato-(2-)-N-)-titanium dimethyl; 
25 (N-(cyclohexyl)- 1 , 1 -bis(4-methylphenyl)- 1 -(( 1 ,2,3,3a,7a-ti)-3-( 1 ,3-dihydro-2//'-isomdol-2- 

yl)- IH-inden- 1 -yl)silanaminato-(2-)-N-)-titanium bis(trimethylsilylmethyl); 

(N-(cyclohexyl). 1 , 1 -bis(4-methylphenyl)- 1 -(( 1 ,2,3,3a,7a-r|)-3.( 1 ,3-dihydro.2fl-isoindol-2- 
yl)-lH-inden-l-yl)silanaminato-(2-)-N-)-titanium (dimethylsilylene)bis(methylene); 

(N-(cyclohexyl)- 1 , 1 -bis(4-methylphenyl)- 1 -(( 1 ,2,3,3a,7a-r|)-3-( 1 ,3-dihydro-2^-isoindoI-2- 
30 yl)-lH-inden-l -yl)silanaininato-(2-)-N-)-titaniuin (HI) 2-(N4Sr-dimethylamino)ben2yl; 

(N-(cyclohexyl)-l,Ubis(4-methylphenyl>l-((l,23,3aJa-Ti)-3-(13Kiihydro-^^^ 
yl)- lH-inden-1 -yl)silanaminato-(2-)-N-)-titaniuin (II) 1 ,4-dipbenyl-U3-butadiene; 

dichloro(N-( 1 , 1 -dimethylethyl)- 1 , 1 -bis(4-n-butylphenyl)- 1 -(( 1 ,2,33a,7a-ii)-3-( 1 3-dihydro- 
35 2//-isoindol-2-yl)- IH-inden- 1 -yl)silanaininato-(2-)-N-)-titanium; 
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(N-(l,lHiimethylethyl)-l,l-bis(4-n-butyIphenyl)-l-((1^33aJ^^^ 
isoindol-2-yl)-lH-inden-Uyl)silanminato-(2-)-N-)-titaniumdimeA 

(NKl,l-dimethylethyl)-l,l-bis(4-n-butyIphenyl>H(1^33a^^^^ 
isoindol-2-yI)-lH-inden-l-yl)siIanaminato-(2-)-N-)-ritoniumbis(t^ 

(NKl,lKlime%lethyl)-l,l-bis(4-n-butylphenyl).l.((1^3 
isoindol-2-yl)-lH-inden-l-yl)silanaminato-(2-)-N-)-titamum 

(N-(l,l-dimethylethyl>l,l-bis(4.n-butylphenyl).l-((1^3 
isoindol-2-yl)-lH-inden-l-yl)silanaminato-(2-)-N-)-titanm^ (III) 2-(N,N-Kiimethylamino)ben2yl; 

(NKl,l-<iimethylethyl)-lJ-bis(4-n.butyIphenyl).H(U33a7^^^ 
isoindol-2-yl)-lH-inden-l-yl)silanaminato-(2-)-N-)-titamum (II) l,4-diphenyl-l,3-butadiene; 

dichloro(N.(cyclohexyl)-l,l-bis(4-n-butylphenyl>l-((l,23,3a,7a-n^^^ 
isoindol-2-yl)-lH-mden-l-yl)silaiiaminato-(2-)-N-)4itaiuuin; 

(N-(cyclohexyl)-14-bis(4-n-butylphenyl)-lK(l,2,3,3a,7a-ii)0-( 
yl)-lH-inden-l-yl)silanaininato-(2-)-N-)-titaniuin dimethyl; 

(N-(cyclohexyl).l,l.bis(4-n-butylphOTyl)-K(l,23,3a,7a-^ 
yl)-lH-inden-l-yl)silanaminato-(2-)-N-)4itaniumbis(trimethyls 

(N-(cyclohexyI)-lJ-bis(4-n.butylphenyl)-l.((1.2,3,3aJa-ii).3-(l,3^^^ 
yl)- IH-inden- 1 -yl)silanaininato-(2-)-N-)-titanium (dimethylsilylene)bis(methylene); 

(N-(cyclohexyl).l,l-bis(4-n.butylphenyi)-l.((1^33aJa-Ti)-3.(13-d^ 
yl)-lH-inden-l-yl)silanaminato-(2-)-N-)-titanium (III) 2-(N,N-dimethylainino)benzyl; 

(N.(cyclohexyl).l,l.bis(4-n-butylphenyl)-l-((l,23,3aJa-Ti).3-(l3-dihydro-^^^ 
yl)-lH-inden-l-yl)silanaminato-(2-)-N-)-titamuin (H) l,4-diphenyl-l,3-butadiene; 

dichloro(NT( U 1 -dimethylethyl)- 1 ,1 -diphenyl- 1 -(( 1 ,2,33a,7a-n)^^ 
2(1 H)-isoquinolinyl)- 1 H-inden^ 1 -yl)silanaminato-(2-)-N-)-ti tanium; 

(N-(l,lKlimetfiylethyl).l,l-diphenyl.l-((l,233aJa-n)-3-(l,23,4-tefr^ 
isoquinolinyl)-lH-inden-l -yl)silanaminato-(2-)-N-)-titaniuin dimethyl; 

(NK14-dimethylethyl)-lJ-diphenyl.l-((l,233aJa-n)0-(l,2,3,4.tetrahydro^ 
isoquinolinyl)-lH-inden-Nyl)silanaminato-(2-)-N-)-titanium bis(trimethylsilylmethyl); 

(N-(ia-dimethylethyl)-ljKiiphenyl-l.{(U233aJa.Ti)-3-(l,2,3,4.tetrah^^^ 
isoquinolinyl)-lH-inden-l-yl)silanaminato-(2-)-N-)-titanium (dimethylsilylene)bis(methylene); 

(N-(l,l-dimethylethyl)-14-diphenyl-l-((l,233a,7a-n)-3-(l,2,3,44etr^^ 
isoquinolinyl))-lH-inden-l-yl)silanaminato-(20-N-)4itaniimi (ffl) 2-(N,N-d^ 
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(N-(lJ-dimethylethyl)-l,lKUphenyl.K(l,2,33a,7a-n>3KU23,^ 
isoquinolinyl)- 1 H-inden- 1 -yl)silanaminato-(2-)-N-)-titaniuin (II) 1 ,4-diphenyl- 1 3-butadiene; 

dicMoro(N-(cyclohexyl).l,l^iphenyl.H(l,23,3a,7a.ii>3-(lA^ 
S isoquinolinyl)-lH-inden-l-yl)silanaminato-(2-)-N-)4h^ 

(N.(cyclohexyl)- 1 , 1 -diphenyl- 1 -(( 1 ,23,3a Ja-ii)-3-< 1 A3,44etrah 
lH-inden-l-yI)silanaminato-(2-)-N-)-titaniuin dimethyl; 

(N-(cyclohexyl)- 1 , 1 -diphenyl- 1 -(( 1 ,2,3,3a Ja-Ti)-3-( 1 A3,4-tetr^ 
IH-inden- 1 -yl)silanammato-(2-)-N-)-titanium bis(triinethylsitylinethyl); 
10 (N-(cyclohexyl)-l,l^iphenyl-l-((l,2.3,3aJa-Ti)-3.(lA3.4-^ 

IH-inden- 1 -yl)silanaininato-(2-)-N-)-titaniiun (diinethylsilylene)bis(inethylene); 

(N-(cyclohexyl)-l,l-diphenyl-l-((l,2,3,3aJa-Ti)-3-(i;2,3,44etrahydro-2^ 
lH-inden-l-yl)silanaminato-(2-)-N-)-titaniiun (III) 2-(N,N-<iimethylamino)benzyl; 
(N-(cyclohexyl)-l,l-diphenyl-l-((l,2,3,3a,7a-Ti)0-(l,2,3,44etrahydro-2^ 
IS lH-inden-l-yl)silanaminato-(2-)-N-)-titanium (II) l,4-diphenyl-l,3-butadiene; 

dichloro(N-(l,l-dimethylethyl)-l,l-bis(4-methylphcnyl).l.((l,2.3,3^^^^ 
tetrahydro-2(lH)-isoquinolinyl)-lH-inden-l-yl)silanaminato-(2-)-N-) 

(N-(l,l-dimethylethyl)-l,l-bis(4-methylphenyl)-l-((l,23,3a,7a-Ti>^ 
20 2( 1 H)-isoquinolinyl)- 1 H-inden- 1 -y l)silanaminato-(2-)-N-)-titanium dimethyl; 

(N-( 1 , 1 -dimethylethyl)- 1 , 1 -bis(4.methylpbenyl)- 1 -(( 1 ,2,3,3a,7a.Ti).3-( 1 ,2,3,4-tetrahydro- 
2(lH)-isoquinolinyl)-lH-inden-l-yl)silanaminato-(2-)-N-)-titanium bis(triniethylsilyhnethyl); 

(N-( 1 , 1 -dimethylethyl)- 1 , 1 -bis(4-methylphenyl)- 1 -(( 1 ,2,3,3a,7a-Ti>3-(l ,2,3,4•tetrahyd^>- 
2( 1 H)-isoquinoliny 1)- 1 H-inden- l-y l)silanaminato-(2-)-N-)-ti tanium 
25 (dimethylsilylene)bis(methylene); 

(N-(lJ-dimethylethyl)-l.l-bis(4-methylphenyl)-l-((U,3,3aJa-Ti)-3.(l,2,3,4-^^ 
2(lH)-isoquinolinyl))-lH-inden-i-yl)silanaminato-(2-)-N-)-titanium (III) 2-(N,N- 
dimethylamino)benzyl; 

(N-( 1 , 1 ^methylethyl)- 1 , 1 -bis(4.methylphenyl). 1 -((1 ;2,3,3a,7a-ii)-3-(U,3,4-tetrahydro- 
30 2( 1 H)-isoquinolinyl)- IH-inden- 1 -yl)silanaminato-(2-)-N-)-titanium (II) 1 ,4-diphenyl- 1 ,3-butadiene; 

dichloro(N-(cyclohexyl)- 1 , 1 -bis(4-methylphenyl> 1 -(( 1 ,2,33a,7a-n)-3-( 1 ,2,3,4-tetrahydro- 
2(lH)-isoquinolinyl)- IH-inden- 1 -yl)silanaminato-(2-)-N-)-titanium; 

(N-(cyclohexyl)- 1 , 1 -bis(4-methylphenyl)- 1 -(( 1 ,2,3,3a,7a-Ti)-3-(l ,2,3,4-tetrahydro-2(lH)- 
35 isoquinolinyl)-lH-inden-l-yl)silanaminato-(2-)-N-)-titanium dimethyl; 
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(N-(cycIohcxyI)-l,l-bis(4-methylphenyl)-l-((U33a,7a.Ti)-^^^ 
isoqumoIinyl)-lH-inden-l-yl)silanaminato-(20-N-)-titam 

(N-(cyclohcxyl>l,l-bis(4-methylphenyl)-l-((U,3,3^^^^ 
isoquinolinyl)- IH-inden- 1 -yl)silaiiamiiiato-(2-)-N-)-titanium (dimetfaylsilylene)bis(inethylene); 

5 (N-(cyclohexyI)-l,l-bis(4-methylphcnyl)-l-((l,233a^^^^ 

isoquinolinyl)-lH-inden-l-yl)siUnaminato-(2-)-N0-titam (III) 2-(NJ^-dimethylamino)benzyl; 

(NKcyclohexyl)-l,l-bis(4-methylphenyl>l-((U33a,7a-Ti>3-(lA3^^^ 
isoquinolinyl}-lH-inden-l-yl)silanamiimto-(2-)-N0-titaniu^ (II) l,4-diphenyl-l,3-butadiene; 

10 dicMoro(NKl,l-dimethylethyl)-14-bis(4-n-butylphenyl)-K(l^,^ 

tetrahydro-2( 1 H)-isoquinolinyl)- IH-inden- 1 -yl)silanaminato-(2-)-N-)-ti tanium; 

(NKl,l-dimethylethyl)-14-bis(4.n-butylphenyl)-l-((l,23.3aJa-ii)OKl^ 
2(lH)-isoquinolinyl)-lH-inden-Uyl)silanamiiiato-(2-)-N-)-tit^ 

(NKl,l-dimethylethyl)-l,l.bis(4-n-butylphenyl)-H(l,23,3a,^^^ 
15 2(lH)-isoquinolinyl)-lH-inden-l-yl)silanaminato-(2-)-N-)-titam 

(N-(14-dimethyIethyl)-l,l-bis(4.n-butylphenyl>l-((l,23,3a,7a.Ti)-3^ 
2( 1 H)-isoquinolinyl)- IH-inden- l-yl)silanammato-(2-)-N04itaiuum 
(dimethylsilylene)bis(methylene); 

(N-(l,l-dimethylethyl)-14-bis(4-n.butylphenyl>l-((l,2,3,3a,7a«iiV^^ 
20 2(lH)-isoquinolinyl)>lH-inden-l-yl)silanaminato-(2-)-N.)-titamu^ (III) 2-(NJ4- 
dimethylamino)benzyl; 

(N-( 1 , 1 -dimethylethyl). 1 , 1 .bis(4-n-butylphenyl)- 1 -(( 1 ,23,3a,7a-ii)-3-( 1 ,2,3,4-tetrahydro- 
2( 1 H)-isoquinolmyl)- IH-inden- 1 -yl)silananiinato-(2-)-N-)-titanium (II) 1 ,4-diphenyl- 1 ,3-butadiene; 

25 dichloro(N-(cyclohexyl)-l ,l-bis(4-n-butylphenyl)- 1 -((1 ^,33a,7a-r|)-3-(l ,2,3,4-tetrahydro- 

2(lH)-isoquinolinyl)- IH-inden- 1 -yl)silanaminato-(2-)-N-)-titanium; 

(N-(cyclohexyl)-lJ-bis(4-n.butylphenyl)-l-((l,2,33a,7a-Ti)-3-(I,2,3.44etrahyd^ 
isoquinolinyl)-lH-inden-l-yl)silanaminato-(2-)-N-)-titanium dimethyl; 

(N-(cyclohexyl).ia-bis(4-n-butylphenyl)-l-((l,23,3a7a-n)-3-(l,2,3,44etrahy^^^ 
30 isoquinolinyl)-lH-inden-l-yl)silanaminato-(2-)-N-)-titanium bis(trimethylsilylmethyl); 

(N-(cyclohexyl)-l,l-bis(4-n-butyIphenyl)-l-((l,23,3a,7a-Ti)-3-(i^3,44etrahydr^ 
isoquinolinyl)- 1 H-inden- 1 -yl)silanaminato-(2-)-N-)-titanium (dimethylsilylene)bis(methy!ene); 

(N-(cyclohexyl)-l,l.bis(4-n-butylphenyl)-l-((l,2,33a,7a-n)-3-(l,2,3,4-tetrahydr^ 
isoquinolinyl)- 1 H-inden- 1 -yl)silanaminato-(2-)-N-)-titamum (III) 2-(N,N-dimethylamino)benzyl; 
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(NKcyclohexyI)-l,l-bis(4-n.butylphenyl)-l-((l,2,33aJa.Ti^^ 
isoquinolinyl)-lH-inden-Nyl)silanammato-(20-N-)-titanium (II) l,4-diphenyl-l,3-butadiene; 

dicWoiX)(N-(l,l-dimethylethyl)-l,lHliphenyl-l.((i;233a7^^^ 
S benzo[/]isoindol-2-yl)-lH-inden-l-yl)silanamiimto^2-)-N-)-tit^^ 

(N-(l,l-dimethylethyl)-14-diphenyl-l-((l,23,3a.7a-T))-3-(13-d^^ 
2-yl)- 1 H-inden- 1 -yl)silanaminato-(2-)-N-)-titamuin dimethyl; 

(N-(14-dimethylethyl)-l,l-diphenyl4-((l,2,3,3a,7a-ii>^^^ 
2-yl)- IH-inden* I-yI)silaiiaminato-(2-)-N-)-titaiuum bis(tri]nethylsilylinethyl); 

10 (N-(l,l-dimethylethyl)-l,l-diphenyl.l-((l,23,3a,7a-ii>3-(13-^^^ 
2-yl)-lH-inden-l-yl)silanaininato-(2-)-N0-titanium(dimethylsil^^ 

(N-(l,l-dime%lethyl)4,l^phenyl-l-((1.233aJa-n)-3-(13-^^^ 
2-yl)-iH-mden-l-yl)silanaminato-(2-)-N-)-titaniuin (HI) 2-(N»N-diinethylainino)benzyI; 

(N-(l,l-dimethylethyl)-ia-diphenyl4<(U33a.7a-n)-3K13-di^^ 
15 2-yl)-lH-inden-l-yl)silanaminato-(2-)-N-)-titaiiium (II) l,4-diphenyl-13-butadiene; 

dichloro(N-(cyclohexyl)- 1 , 1 -diphenyl- 1 -(( 1 ,2,3,3a,7a-ii)-3-( 1 ,3-dihydro-2/f- 
benzo[/]isoindol-2-yl)- 1 H-inden- 1 -yl)silanammato-(2-)-N-)-titanium; 

(N-(cyclohexyl)-l , 1 -diphenyl- 1 -((1 ,2,3,3a,7a-Ti)-3-( 1 3-dihydro-2^r-ben2o[/]isoindol-2-yl)- 
20 1 H-inden- 1 -yl)silanaminato-(2-)-N-)-titaniiun dimethyl; 

(N-(cyclohexyl)-l,l-diphenyl-l-((l,23,3aJa-7i)-3-(l,3-dihydro-2«^benzo[/]isom^^ 
IH-inden- 1 -yl)silanaminato-(2-)-N-)-titanium bis(trimethylsilylmethyl); 

NKcyclohexyl)- 1 , 1 -diphenyl- 1 -(( 1 ,2,3,3a,7a-ii)-3-( 1 ,3 -dihydro-2//-benzo[/]isoindoi-2-yl)- 
IH-inden- 1 -yl)silanaminato-(2-)-N-)-titaniuni (dimethylsiiylene)bis(methylene); 

25 (N-(cyclohexyl)-l,l-diphenyl-l.((l^,3,3aJa-Ti)-3.(13-dihydro-2fl^benzoWisoindol-2-y0 
IH-inden- l-yl)silanaminato-(2-)-N-)-titanium (III) 2-(N,N-diniethylaniino)benzyl; 

(N-(cyclohexyl)-l,l-diphenyl-l-((l,2,3,3a,7a-ti)-3-(13-dihydro-2^-benzo[/lisoindoW^^ 
lH-inden-I-yi)silanaminato-(2-)-N-)-titanium (II) l,4-diphenyl-l,3-butadiene; 

30 dichloro(N-(l,l-dimethylethyl)-I,l-bis(4-methylphenyl)-l.((l,23,3aJa-Ti)-3-(l,3^^ 
2//-benzo|Z|isoindol-2-yl)- IH-inden- 1 -yl)silananiinato-(2-)-N-)-titanium; 

(N-( 1 , 1 -dimethylethyl)- 1 a*bis(4.methylphenyl)- 1 -(( 1 ,23,3a,7a-Ti>^ 
benzo[/]isoindol-2-yl)-lH-inden-l-yl)silanaminato-(2-)-N-)-titanium dimethyl; 

(N-(14-dimethylethyl>l,l-bis(4-methylphenyl)-l-((l,23,3aJa-n)-3-(l,3-dihydro-^^ 
35 ben2o[/]isoindol-2.yl)-lH.inden-l-yl)silanaminato-(2-)-N-)-titaniumbis(trimethy^ 
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(N-( 1 4 -^methylethyl)- 1 4 -bis(4.methylphenyl)- 1 -(( 1 ^33a,7a-ii>^ 
benzo[/}isoindol-2-yl)-lH-mden-l-yl)silanaminato-(2-)-N-)-^^ 
(dimethylsiiylene)bis(]nethylene); 

(N-(lJ-<Umethylethyl>14.bis(4.methylphenyl)-l.((U3,3a^^ 
benzo(/]isoindoI-2-yl)-lH-inden*l-yl)silanaminato<2-)-N^^^^ (IK) 2-(N^- 
dimethylainino)benzyl; 

(N-(14-<iimethylethyl).14.bis(4-methylphenyl)-H(U,33 
benzo[/]isomdol-2-yl)-lH-inden-l-yl)silanammato-(2-)-N-)-tit^^ (II) l,4-diphenyl-13- 
butadiene; 

dichioro(N-(cycIohexyl)-14-bis(4-methyIphenyl)-l-((l,233a,^^^ 
benzo[/]isoindol-2-yl)-lH4nden-l-yl)silanaminato-(2-)-N-)-titam 

(N-(cyclohexyl)-l,l.bis(4-methylphenyl).K(l,233a,7a-n^^^^ 
benzo[/]isoindol-2-yl)-lH-inden-l-yl)silanaminato<2-)-N-)-titam dimetbyl; 

(N.(cyclohexyl)-l,l.bis(4-methylphenyl).K(lA33a,7a-n)0-(13 
benzo[/]isoindol-2-yl)-lH-inden-l-yl)silanaminato-(2-)-N-)-^ 
bis(trimethysilylniethyl; 

(NKcyclohexyl)-lJ-bis(4-methylphenyl)-l-((l,2,33a,7a.ii)OK13-<lihy*^^ 
benzo[/lisoindol-2-yl)- 1 H-inden- 1 -yi)silanaminato-(2-)-N-)-titaniuin 
(dimethylsilylene)bis(inethylene); 

(N-(cyclohexyl)-lJ-bis(4.methyIphenyl>l-((l,233a,7a-Ti).3-(l,3-dihydro-^ 
benzo|/]isoindol-2-yl)-lH-inden-l-yl)siianaminato-(20-N-)-ti^ (III) 2-(N^- 
dimethylamino)benzyl; 

(N-(cyclohexyl)-l , 1 -bis(4.methylphenyl)- 1 -(( 1 ,2,3,3a,7a-Ti)-3-(l ,3-dihydro-2//. 
benzo[/]isoindol-2-yl)-lH-mden-l-yl)silanaminato-(2-)-N-)-titaniuin (II) l,4-diphenyl-l,3- 
butadiene; 

dichIoro(N.(14-dimethylethyl).l,l-bis(4-n-butylphenyl>l-« 
2/f-benzo[/]isoindol-2-yl)-lH-inden-l-yl)silanaminato-(2-)-N->titanium; 

(N-(14-dimethylethyl)-l,l-bis(4-n-butylphenyl)-l-((l,2,3,3^^^^^ 
benzo[/]isoindol-2-yl)-lH-inden-l-yl)silanaminato-(2-)-N-)4itaniuin dimethyl; 

(N.(l,lKlimethyle%l).l,l-bi5(4.n.butylphenyl)-l-((l,23,3a,7a-Ti)-^ 
ben2o[/lisoindol-2-yl)- IH-inden- 1 -yl)silanaminato-(2-)-N-)-titamiim bis(trimethysilylinethyl; 
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(N-(l,l-dimethylethyl)-l,l.bis(4-n-butylphenyl>K(1^33a,7a-^^ 
benzo(/|isomdol-2-yl)-lH-inden-I-yl)silanaminato-(2-)-N-)-titam 
(diinethylsilylene)bis(methylene); 

(N-(l,l-dimethylethyl)-l,l.bis(4-n.butylphenyl).l-((i;53 
5 beMo[/]isoindol-2-yl)-lH-inden-l-yl)silanaminato<2-)-N-)-titan^ (III) 2-(NJI- 
diinethylamino)benzyl; 

(N-(l,Mimefliylethyl).14-bis(4-n-butylphenyl>l-((U 
ben2o[/Jisoindol-2-yl)-lH-inden-l-yl)silanaminato-(2-)-N-^^^ (II) l,4-diphenyH,3- 
butadiene; 

10 

dichloro(N-(cyclohexyi).14-bis(4.n-butylphenyl).l-((I,23,3a,7a.Ti)-3-(13^^^ 
bcn2o|y]isoindol-2-yl)-lHTinden-l-yl)silanaminato-(2-)-N-)-titaniuin; 

(N-(cyclohexyI)-ia-bis(4-n-butylphenyl)-l.((l,2,33a,7a-ii).3.(13-dihy*^ ' 
ben2o[/]isomdol-2-yl)-lH-inden-l-yl)silanaminato-(20-N-)-titaniuin dimethyl; 
15 (N-(cyclohexyl)-14-bis(4-n-butylphenyl>l-((l,233a,7a-Ti)-3-(13-dihydro-^^ 
benzo[/]isoindol-2-yl)-lH-inden-l-yI)silanammato-(2-)-N-)-titaniim 
bis(trimetbysilylniethyl; 

(N-(cyclohexyl)-lJ-bis(4-n-butylphenyl)-l-((l,233a,7a-Ti)-3-(13-dihydro-^^ 
benzo|/|isoindol-2-yl)-lH-inden-l-yl)silanaminato-(20-N-)-titanium 
20 (dimethylsilylene)bis(methylene); 

0Sr-(cyclohexyl)-lJ-bis(4-n-butylphenyl)-l-((l,23,3aJa-Ti)O.(13-dihydro-^^ 
benzo|y]isoindol-2-yl)-lH-inden-l-yl)silanaminato-(2-)-N-)-titanium (11^ 2-(N44- 
dimethylamino)benzyl; 

(N-(cyclohexyl)- 1 , 1 .bis(4-n-butylphenyl)- 1 -(( 1 ,2,3,3a,7a-r|).3-( 1 ,3-dihydro-2//- 
25 benzo[/]isoindol-2-yl)-lH-inden-l-yl)silanammato-(2-)-N-)-titaniiim (II) l,4-diphenyH,3- 
butadiene; 

dichloro(N-( 1 , 1 -dimethylethyl)- 1 , 1 -diphenyl-l-(( 1 ^,3,3a,7a-Ti).3-(l ,3-dihydro-2//- 
benzo[e]isoindoi-2-yl)-lH-mden-l-yl)silananiinato-(2-)-N-)-titanium; 
30 (N-(l,l-dimethyle%l)-14<liphenyl-l-((l,2,33aJa-ti)-'3<l,3-dihy(lro-^^ 
ben2o[e]isoindol-2-yl)- 1 H-inden- 1 -yI)silanammato-(2-)-N-)-titanium dimethyl; 

(N-(l,l-dimethylethyl).l,l.diphenyl4.((l,23,3a>-Ti)-3Kl,3-dihydro-2^- 
benzo[e]isoindol-2-yi)-lH-inden-l-yl)silanaminato-(2-)-N-)-titanium bis(trimethylsilylmethyl); 
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(N-(ia-dimethyIethyl).l,l-diphenyl-K(U.3.3a,7a.ii)-3.(1.3-dft^ 
benzo[e]isoindol-2-yl)-lH-inden-l-yl)silanaminato-(^^ 
(dimethylsilylene)bis(methylene); 

(N-(l,l-dimethylethyl)-iaKiiphenyl-K(U23,3a7a.Ti)-3-(l,3^^^ 
S beiizo[6]isomdol-2-yl)-lH-inden-l-yl)silanaminatoK2-^N^ (III) 2-(NJf- 

diinethylamino)beii2yl; 

(NK14-dimethylethyl).i,l-diphenyl4-((l,23,3a,7a-Ti).3-(l^ 
benzo[e]isoindol-2-yl)- 1 H-inden- 1 -yl)silanaininato-(2-)-N-)-titaniuni (II) 1 ,4-diphenyl- 1 3- 
butadiene; 

10 

dicWoro(N-(cyclohexyI)4,l-diphenyl.l.((l,233a,7a-Ti>^^^ 
benzo[e]isoindoI-2-yi)-lH-inden-i-yl)silanamiiiatoK2-)-N0-titani 

(N-(cyclohexyI)-l, 1 -diphenyl- K(l •2,33a,7a-ii)-3-(l 3-dihydro-2//-ben2o[e]isoindol-2.yl)- 
IH-inden- 1 -yl)silanaminato-(2-)-N-)-titamuin dimethyl; 
15 (N-(cyclohexyl)-14-diphenyl-H(l,2,3,3aJa-n)-3-(13-dihydro-2//-te 
IH-inden-l -yl)silanaininato-(2-)-N-)-titaiiiuin bis(triinethylsilylmethyl); 

(N-(cyclohexyl)- 1 4 -diphenyl- 1 -(( 1 ,2,33a,7a-Ti)OK 1 3-dihydro-2/f-bei^ 
1 H-inden- 1 -yl)silananiinato-(2-)-N-)-titanium (dimethylsilylene)bis(methylene); 

(N-(cyclohexy0-14-diphenyl-l-((l,2,33a,7a-Ti)-3-(l,3-dihydn)-2frben2O[c]isoindol^ 
20 lH-inden-l-yl)silanaininato-(2-)-N->-titanium (ID) 2-(N,N-dimethylamino)benzyl; 

(N-(cyclohexyl)-l,l-diphenyl-l.((1^33a,7a-Ti)-3-(13-dihydro.2//-benzo(c]iM^^ 
lH-inden-l-yl)silanaminato-(2-)-N-)-titanium (U) l,4-diphenyl-l,3-butadiene; 

dichloro(N-( 1 , 1 -dimethylethyl)-! , 1 -bis(4-methylpheny!)- 1 -(( 1 ,23,3a Ja-Ti)-3^^ 
25 2//-benzo[c]isoindol-2-yl)-lH-inden-l-yl)silanaminato-(2-)-N-)-titanium; 

(N-( 1 , 1 -dimethylethyl)- 1 , i -bis(4-methylphenyl)- 1 -(( 1 ,2,3,3a,7a-Ti)-3.( 1 ,3-dihydro-2«- 
benzo[e]isoindol-2-yI)- IH-inden- 1 -yl)silanaminato-(2-)-N-)-titaniuin dimethyl; 

(N-(ia-dimethylethyl)-14-bis(4-methylphenyl>H(l,23,3a,7a.ii).3-(l,3-dihydro-2^f- 
benzo[elisoindol-2-yl)-lH-inden-l-yl)silanaminato-(2-)-N-)-titanium bis(trimethylsilyhnethyl); 

30 (N-(l,l-dimethylethyl)-l,l-bis(4-methylphenyl).K(l,2,3,3aJa-Ti)-3-(13-^^ 

benzo[c]isoindol-2-yl)-lH-inden-l-yl)silanaminato-(2-)-N-)-titanium 

(dimethylsilylene)bis(methylene); 

(N-(l,l-dimethylethyl).lJ-bis(4-methylphenyl)-l-((l,23,3aJa-r|)-3-(l,3-di^ 

benzo[e]isoindol-2-yl)-lH-inden-l-yl)silanaminato-(2-)-N-)-titanium (III) 2-(NJ^- 
35 dimethylamino)benzyl; 
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(NKl,l-dimethylethyl)-l.l.bis(4-methylphenyl)-l-((l,23,^^^ 
ben2o[e]isoindol-2-yl)- IH-inden-1 -yl)silanammato-(2-)-N-)-ti^ (II) 1 ,4-diphenyl- 1 ,3- 
butadiene; 

5 dichloro(N-(cyclohexyl^ia-bis(4.methylphenyl)-K(U,3 
benzo[e]isoindol-2-yl)-lH-inden-l-yl)siIjanaminato-(2-)-N-)^^^^ 

(N-(cyclohexyl)-l,l-bis(4-methylphenyl>K(lA33a,7a-^ 
benzo[e]isoindol-2-yl)-)-lH-inden-l-yl)silaiiaminato<20-N-)-ti^ dimethyl; 

(N.(cyclohexyl)-l ,1 .bis(4.methylphenyl> 1 -(( 1 ,2,3,3a,7a-Ti)-3-(l 3-dihydro.2* 
1 0 benzo[e]isoindol-2-yl)- 1 H-inden- 1 -yl)silanaininato-(2-)-N-)-titaniuin bis(tiimethylsilylinethyl); 

(N-(cyclohexyl)-l,l.bis(4.methylphenyl)-K(l,23,3a,7a-n^^ 
benzo[e]isoindol-2-yl)* 1 H-inden- 1 -yl)silanaininato-(2-)-N-)-titaniuin 
(diinethylsilylene)bis(methylene); 

(N-(cyclohexyl^l,l-bis(4-methylphenyl).l-((l^,33a,7a-^^^^ 
IS benzo[e]isoindol-2-yl)-lH-inden-l-yl)siIanaminato-(2-)-N-)-titanium (JU) 2-(N,N- 
dimethylamino)benzyl; 

(N-(cyclohexyl).l,l.bis(4-methylphenyl)-K(l,2,3,3^^^^ 
benzo[e]isoindol-2-yl)- 1 H-inden- 1 -yl)silanaininato-(2-)*N-)-titanium (II) 1 ,4-diphenyl- 1 ,3- 
butadiene; 

20 

dichloro(N-( 1 , 1 -dimethylethyl)- 1 , 1 «bis(4-n-butylphenyl)- 1 -(( 1 ^,3,3a,7a-T|)-3-( 1 ,3-dihydro- 
2//-ben2o[e]isoindol-2-yl)- 1 H-inden- 1 -yl)silanaminato-(2-)-N-)-titaniuni; 

(N-( 1 4 -dimethylethyl)- 1 J -bis(4-n-butylphenyl)- 1 -(( 1 ,233a,7a-Ti)-3.( 
benzo[e]isoindol-2-yl)-lH-inden-l-yl)silanaminato-(2-)-N-)-titamum dimethyl; 
25 (N-(lJ-dimethylethyl)-l,l-bis(4-n-butylphenyl).l-((l,23,3a,7a-Ti).3-(^ 

benzo[e]isoindol-2-yl)-lH-inden-l-yl)silanaminato-(2-)-N-)-titanium bis(trimethylsilylmethyl); 

(N-(l,l-dimethylethyl)-l,l-bis(4-n.butylphenyl)-l-((l,23,3aJa-r|).3-(l^ 
benzo[e]isoindoU2-yl)-lH-inden-l-yl)silanaminato-(2-)-N-)-titamum 
(dimethylsilylene)bis(methylene); 
30 (N-(ia-dime%lethyl)-l,l-bis(4-n-butylphenyl)-l-((l,233a,7a-n)-3-(13-dih^^^ 
benzo[e]isoindol-2-yl)-lH-inden-l-yl)silanaminato-(2-)-N-)-titanium (HI) 2-(N,N- 
dimethylamino)benzyl; 

(N-(l,l.dimethylethyl)-lJ-bis(4-n.butylphenyl).l-((l,2,3,3a7a-T|)-3K 
benzo[e]isoindol-2-yl)-lH-inden-l-yl)silanaminato-(2-)-N-)-titanium (II) l,4-diphenyl-l,3- 
35 butadiene; 
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dichloro(N-(cyclohexyl).14-bis(4-n-butylphenyl)-l-((l,233aJa-^ 
benzo [e]isoindol-2-yl)- IH-inden- 1 -y l)silaiiainmato-(2-)-N-)-titanium; 

(NKcyclohexyl).l,l-bis(4-n-butylphenyl)4K(l,233a,7a-Ti)-3-(13^^^ 
S benzo[e]isoindol-2-yl)->lH-inden- 1 -yl)silanaminat<K2->-N-)-titanium dimethyl; 
(N-<cyclohexyl)-l,l-bis(4-n-butylphenyl)-K(l,233a,7a.Ti>3K 
benzo[e]isotndol-2-yI)-lH-inden-l-yl)silanaminato-(2-)-N0-titani 

(N.(cyclohexyl)-lJ-bis(4-n-butylphenyl)-lK(l,233a,7a-T)).3K13^^ 
benzo[e]isoindol-2-yI)-lH-inden-l-yl)silanaminat(>-(2-)-N0-titan^ 
10 (diniethylsilylene)bis(inethylene); 

(N-(cyclohcxyl).l,l-bis(4-n-butylphenyl)-K(l,23,3aJa.Ti).3-(l,^ 
benzo[6]isoindol-2-yl)-lH-inden-l-yI)silanaminato-(2-)-N-)-titani (ID) 2-(N»N- 
diinethylamino)ben2yl; 

(N-(cyclohexyl)-l,l-bis(4-n-butylphenyl)-K(l.23,3aJah^^^ 
IS benzo[e]isoindol-2-yl>lH-inden-l-yl)siIaiiaminato-(2-)-N-)-dtam (II) l,4-diphenyl-l,3- 
butadiene; 

dichloro(N-(l,l-dimethylethyl)-i4.diphenyl-lK(l,23,3a,7a.n)-3-[l^^ 
benzo[i/e]isoquinolin-2(3//)-yl]-lH-inden-l-yl)silanaminato-(2-)-N-)-titani^^ 
20 (N-(lJ-dimethylethyl)-lJ-dipbenyl4K(l,233a,7a-Ti)-3-[l/f-ben2o[^^^^ 
yl]- 1 H-inden- 1 -yl)silananiinato-(2-)-N-)-titanium dimethyl; 

(N<l,l-dimethylethyl).14^phenyl-l-((l,233aja-r|)0-[l^-benzo[rfe]^^ 
yl]-lH-inden-l-yl)silanaininato-(2-)-N-)-titanium bis(trimethylsilyhnethyl); 

(N-(l ,1 -dimethylethyl)-! J-diphenyl.l-((l,233a,7a-Ti)-3-[lH-benzo[f/e]isoqm^^ 
25 yl]- 1 H-inden- 1 -yl)silananiinato-(2-)-N-)-titanium (dimethylsilylene)bis(methylene); 

(N.(IJ-dimethylethyl)-l,l-diphenyl-l-((l,233a,7a-r|)-3-[l//-benzo[rf^^ 
yl]-lH-inden-l-yl)siIanaminato-(2-)-N-)-titanium (m) 2-(N,N-dimethylamino)benzyl; 

(N-( 1 J -dimethylethyl)- 1 a -diphenyl- 1 -(( 1 ,2,3,3a,7a-ii)-3-[ 1 //-benzo[ JeJisoqiiiM 
yl]-lH-inden-l-yl)silanaininato-(2-)-N-)-titamuin (11) l,4-diphenyl-13-butadiene; 

30 

dichloro(N-(cyclohexyl)- 1 , 1 -diphenyl- 1 -(( 1 ^,3,3a,7a-ii)-3-[ l//-benzo[rfe]isoquinoUn- 
2(3/0-yl]-lH-inden-l-yl)silanaminato-(2-)-N-)-titanium; 

(N-(cyclohexyl)- 1 ,1 -diphenyl- 1 -(( 1 ,2,3,3a,7a-ii)-3-[lH-ben2o[rfe]isoquinolin-2(3//)-yll-lH- 
inden- 1 -yl)silananiinato-(2-)-N-)-titanium dimethyl; 
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(N-(cyclohexyl)-l,l-diphenyUl-((l,23.3a,7a-n)-341/^ben2o[rfe] 
inden- 1 -yl)silananiinato-(2-)-N-)-titaiiiuin bis(trimethylsilylinethyl); 

(N-(cyciohexyl)-i,l-diphenyl-H(1.233aJa.Ti)0.[l/f-be^ 
inden- 1 -yi)silananiinato-(2-)-N-)-titaniuiii (diinethylsilylene)bis(methylene); 
5 (N-(cyclohexyl).14-dipheny^K(l,23,3a,7a-Tl)-3-[l/^benM 

inden- l-yl)silatiaininato-(2-)-N-)-titaniuin (ID) 2-(N,N-dimetbylainino)benzyl; 

(N-(cyclohexyl)-l,lKliphenyl-l-((l,23,3a,7a-n)-3-[l/^ben2o[rfe]isoquinoIin-^^^ 
inden- l-yl)silanaminato-(2-)-N-)-titanium(II) l,4-diphenyl-13-butadiene; 

10 dichloro(N-(l,l-dinietbylethyl)-l,l-bis(4-methylphenyl>l-((U2^ 

benzo[^e]isoquinolin-2(3//)-yl]*lH-inden- 1 -yl)siIanaminato-(2-)-N-)-titaniuni; 

(NKl,l-dimethylethyl)-ia-bis(4-methylphenyl)-K(U233a,7a-Ti^^ 
benzo[d'6]isoquinolin-2(3/0-yl]-lH-inden- 1 -yl)silanaminato-(2->N-)-titaniuin dimethyl; 
(N.(l,l-dimcthylethyl)-l,l.bis(4-methylphenyl)-l-((U33aJ^^^ 
I S benzo[d'e]isoquinolin-2(3//)-yl]- IH-inden- 1 -yl)silanaminato-(2-)-N-)-titanium 
bis(tiimethysilylmethyl; 

(N.(l,l.dimethylethyl).l,l-bis(4-me%lphenyl)-l-((i;23,3a,7a-ii).3-^ 
benzo[(/e]isoquinoIin-2(3i/)-yl]-lH-inden-I-yl)silanaminato-(2-)-N-)-titaniuin 
(dimethylsilylene)bis(inethylene); 
20 (N.(l,l-dimethylethyl>l,l.bis(4-methylphenyl)-K(l,2,33a,7a-Ti)-3-[ 

benzo[t/e]isoquinolin-2(3/0-yU-lH-inden-l-yl)silanaminato-(2-)-N-)-titanium(I^ 
dimethyIamino)benzyl ; 

(N-(ia-dime%lethyl>lJ-bis(4-methylphenyl>lK(l,23,3a,7a-ii)0-[l^^ 
benzo[(/e]isoquinolin-2(3//)-yl]- IH-inden- 1 -yl)silanaminato-(2-)-N-)-titanium (11) 1 ,4-diphenyl- 1 3 - 
25 butadiene; 

dichloro(N-(cyclohexyl)-l,l-bis(4-methylphenyl)-l-((l,2,3,3a,7a.Ti>3-[l//- 
benzo[Je]isoquinolin-2(3/0-yl]-lH-inden- 1 -yl)silananiinato-(2-)-N-)-titaniuni; 

(N-(cyclohexyl)-l , 1 -bis(4-methylphenyl)- 1 «•(( 1 ^,3,3a,7a-T|)-3-[li/-benzo[rfe]isoquinolin- 
30 2(3//)-yl]- lH-inden-1 -yl)silanaininato-(2-)-N-)-titanium dimethyl; 

(N-(cyclohexyl)- 1 , 1 -bis(4-methylphenyl)- 1 -(( 1 ^,3,3a,7a-Ti)-3-[ l//-ben2o[de]isoquinolin- 
2(3/0-yl]- IH-inden- 1 -yl)silanaminato-(2-)-N-)-titanium bis(trimethylsilylmethyl); 

(N-(cyclohexyl)- 1 , 1 -bis(4-methylphenyl)- 1 -(( 1 ^,3,3a,7a-r|)-3-[ l/^ben2o[f/e]isoquinoIin- 
2(3/0-yl] • ^ H-inden- 1 -yl)silanaminato-(2-)-N-)-titanium (dimetbylsilylene)bis(methylene); 
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(N-(cyclohexyl)-lJ-bis(4-methylphenyl>K(l,2,3,3a,7a-ti)0-[l/f-ben^ 
2(3/0-yl]-IH-inden-l-yl)silanaininato-(2-)-N-)-titanium (III) 2-(NJ^-dimethylamino)benzyI; 

(N-(cyclohexyl).14-bis(4-methylphenyl>l-<(l,2,33a,7a-Ti)-341i/^ 
2(3/0-yl]-lH-inden-l*yl)snanaminatt>-(2->N-)-titaniuiii (II) I,4-diphenyI-l,3-buta(liene; 

5 

dichloro(NKia-dimethylethyl).l,l.bis(4-n-butyIphenyl)-l-^^ 
benzo[^is]isoquinpUn-2(3/0-yl]-lH-mden-UyI)silanaminato^^ 

(N.(Ul-dimethylethyl).14-bis(4.n-butylphenyI).l<(U33a,^ 
benzo[</e]isoquinolin-2(3/0-yQ-lH-mden-l-yI)silana^ 
10 (N-(l,l-dimethyIethyl)-l,l-bis(4-n.butylphcnyl>K(l,2,3,3a,7a-^^^ 
benzo(ife]isoqumolin-2(3/0-yl]-lH-inden-l-yl)silanamiM^ 
bis(trimethysilylniethyl; 

(N-(l,l-dime%lethyl)-ia-bis(4-n-butylphcnyl).K(lA3,3a,7a.^^^ 
benzo[£fe]isoquinolin-2(3//)-yl]-lH-inden-l-yl)siIanaminato-( 
1 5 (diinethylsilylene)bis(inethylene); 

(N-(l,l-dimethylethyl)-l,l-bis(4-n-butylphenyl)-K(l,233a,7a-n^^ 
benzotrfe]isoquinolin-2(3/0-yn-lH-inden-l-yl)silanaminato-(2->N-^^ (EI) 2-(NJ^- 
diinethylamino)benzyl; 

(N.(l,l.dimethylethyl)-l,l-bis(4-n-butylphenyl)-l-((l,23,3a,7a.iiV^ 
20 benzo[rfe]isoquinolin-2(3/0-yl]-lH-inden-l-yl)silanaminato-^ (II) l,4-diphenyH,3- 

butadiene; 

dichloro(N-(cyclohexyl)-14-bis(4.n-butylphenyl)-l-((l,23,3a,7a-Ti).341/f^ 
ben2o[rfe]isoquinolin-2(3^-yl]-IH-inden-l-yl)silanaminato-(2-)-N-)-titanium; 
25 (N-(cyclohexyl)- 1 , 1 -bis(4-n-butylphenyl)- 1 -(( 1 ;2,3,3a,7a-T|)-3-[l/f-beii2o[</e]isoquinolin- 

2(3//)-yl]-lH-inden-l-yl)siIanaininato-(2-)-N-)-titanium dimethyl; 

(N-(cyclohexyl). 1 , 1 -bis(4-n-butyiphenyl)- 1 -(( 1 ^,3,3a,7a-Ti)-3-[ l//.benzo[rfe]isoquinolin- 
2(3//)-yl]-lH-inden-l-yl)silanaminato-(2-)-N-)-titanium bis(trimethylsilylmethyl); 

(N-(cyclohexyl)- 1 , 1 -bis(4-n-butylphenyl)- 1 -(( 1 ,2,3,3a,7a-r|)-3-[ 1 ^^benzo[</e]isoquinolin- 
30 2(3^-yl]-lH-mden-l-yl)silaiuiminato-(2-)-N-)-titanium(dimethylsilylen^ 

(N-(cyclohexyl)- 1 , 1 -bis(4-n-butylphenyl)- 1 -(( 1 ,2,3,3a,7a-Ti)-3-[ 1 /^benzo[rfe]isoquinolin- 
2(3//)-yi]-lH-inden-I -yl)silanaminato-(2-)-N-)-titanium (III) 2-(N,N-dimethylamino)benzyl; 

(N-(cyclohexyi)- 1 , 1 -bis(4-n-butylphenyl)- 1 -(( 1 ,2,3,3a,7a-Ti)-3-[ l//-benzo[rfe]isoquinolin- 
2(3/0-yl]-lH-inden-l-yi)silanaminato-(2-)-N-)-titanium (II) l,4-diphenyH3-butadiene; 

35 
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dichloro(N-( 1 , 1 -dimethylethyl)- 1 , 1 -diphenyl- 1 -(( I ^,3,3a,7a-ii)-3-(N,N-dibenzylamino)- 
IH-inden- 1 -yl)silanaminato-(2-)-N-)-titaniuin; 

(N-(l,l-dimethylethyl)-l,l-diphenyl-l.((l,233a,7a-ii)0-(N,N-di^ 
l-yl)silanaminato-(2-)-N-)-titanium dimethyl; 

(N^14-dimethylethyl)-14-diphenyl.l-((l,23,3a,7a-ti)OKNJ^-di^ 
I*yl)siianaininato-(2-)-N-)-titaiiiuin bis(triniethylsilylmethyl); 

(N-(l,l-dimethylethyI>l,lHliphenyl4-((l,2,33aJa-Ti)-3-(N,NK^ 
l-yl)silanatninato-(2-)-N-)-titanium (diniethylsilylene)bis(methylene); 

(N-(lJ-dimethylethyl)-lJ-diphenyl-l.((l,2,3,3aJa-Ti)-3-(N,N-dibe^^ 
l-yl)silanaminato-(2-)-N-)-titanixim (III) 2-(N,N-dimethylamino)benzyl; 

(N.( 1 , 1 -dimethylethyl)- 1 , 1 -diphenyl- 1 -(( 1 ,2,3,3a,7a-r|).3-(N,N.dibenzylainino)- 1 H-indene- 
l-yl)silanaininato-(2-)-N-)-titamuin (II) l,4-diphenyl-l,3-butadiene; 

dichloro(N-(cyclohexyl)- 1 , 1 -diphenyl- 1 -((1 ^,3,3a.7a-Ti)-3-(N,N-diben2ylamino)- 1 H-inden- 
l-yl)silanaminato-(2-)-N-)-titanium; 

(N-(cyclohexyl)- 1 , 1 -diphenyl- 1 -(( 1 ^,3,3a,7a-Ti)-3-(N J^-dibenzylamino)- 1 H-inden- 1- 
yl)silanaminato-(2-)-N-)-titanium dimethyl; 

(N-(cyclohexyl)-l,l-diphenyl-l-((l^,3,3aJa-Ti)-3-(NJ^-dibenzylamino)-lH-inden.l- 
yl)silanaminato-(2-)-N-)-titanium bis(trimethylsilylmethyl); 

N-(cyclohexyl)-Ul-diphenyl-I-((1^33a.7a-Ti)-3-(N,N.dibenzylamino)-lH-inden-l- 
yl)silanaminato-(2-)-N-)-titanium(dimethylsilylene)bis(methylene); 

(N-(cyclohexyl)- 1 , 1 -diphenyl- 1 -(( 1 ,2.3,3a,7a-Ti)-3-(N JSf-dibenzylamino)- IH-inden- 1 - 
yl)silanaminato-(2-)-N-)-titanium (HI) 2-(NJJ-dimethylamino)ben2yl; 

(N-<cyclohexyl)-l,l-diphenyl-l-((l,233a.7a-Ti)OKNJ^-diben2ylamino)-lH-inden^ 
yl)silanaminato-(2-)-N-)-titanium (II) l,4-diphenyl-l,3-butadiene; 

dichloro(N-(I,l-dimethylethyl)-l,l-bis(4-methylphenyl)-l-((l^,3,3a,7a-Ti)-3-(N,N- 
dibenzylamino)-lH-inden-l-yl)silanaminato-(2-)-N-)-titanium; 

(N-(l,l-dimethylethyl)-l,l-bis(4.methylphenyl)-K(l,2,3,3aJa-n)-3-(NJ^^^^ 
IH-inden- 1 -yl)silanaminato-(2-)-N-)-titaniimi dimethyl; 

(N-(l,l.dimethylethyl).l,l.bis(4-methylphenyl).H(1.233a,7a-Ti)-3-(N,^^ 
lH-inden-l-yl)silanaminato-(2-)-N-)-titanium bis(trimethylsilylmethyl); 

(N-(l.l.dimethylethyl).ia.bis(4.methylphenyl).l-((l,2,3,3aJa-Ti)-3-(N,N-dibe^ 
lH-inden-l-yl)silanaminato-(2-)-N0-titamiim(dimethylsilylene)bis(meft^^ 
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(N-(l,l-dimethylcthyl>l,l-bis(4"methylphenyl).l-((l,233aJa-Ti)0-(N,N 
lH-inden-l-yl)silanaininato-(2-)-N-)-titaniuni (III) 2-(N,N-dimethylamino)benzyl; 

(N-(lJ<limethylethyl>l,l-bis(4-methylphenyl>l-((l,233a,7a-Ti)-3-(N^^ 
lH-inden-l-yl)silanaminato-(2-)-N-)-titaniuin (II) l»4-{liphenyl-l,3-butadiene; 

5 

dichloro(N-(cyclohexyl)- 1 , 1 -bis(4-methylphenyl)- 1 -((1 ,2,3,3a,7a-Ti).3.(N,N- 
dibenzylamino)- 1 H-inden- 1 -y l)silanaminato-(2-)-N-)-titaniuin; 

(N-(cyclohexyl)-l,l-bis(4-methylphenyl)-l-((1.233a,7a-Ti)-3-(N,N-dibe^ 
inden- I-yl)silanaminato-(2-)-N-)-titanium dimethyl; 
10 (N-(cyclohexyl)-l,l-bis(4-methylphenyl)-l-((l,233aJa-Ti)-3-(N,N.dibeM^^ 
inden- 1 -yl)silanaminato-(2-)-N-)-titanium bis(trimethylsilylniethyl); 

(N-(cyclohexyl)-l,l-bis(4.methyIphenyl>l.((l,233aJa-Ti)-3-(N,N-dibenzylamino).lH^ 
inden- 1 -yl)silanaminato-(2-)-N-)-titanium (dimethylsilylene)bis(methylene); 

(N-(cyclohexyl)-l , 1 -bis(4-methylphenyl)- 1 -(( 1 ^,3,3a,7a-.Ti)-3-(N,N-dibenzylamino)- IH- 
1 5 inden- 1 -yl)silanaminato-(2-)-N-)-titanium (HI) 2-(N,N-diinethylamino)benzyl; and 

(N-(cyclohexyl)- 1 , 1 -bis(4-methylphenyl)- 1 -(( 1 ,2,3,3a,7a-Ti)-3-(N,N-diben2ylamino)- IH- 
inden-l-yl)siIanaminato-(2-)-N-)-titanium (II) l,4-diphenyl-l,3-butadiene. 



dichIoro(N-(14-dimethylethyl)-l,l-bis(4-n-butylphenyl).l-((l,2,3,3a,7a.Ti)-3-(N,N- 
20 dibenzylamino)- 1 H-inden- 1 -yl)silanaminato-(2-)-N-)-titanium; 

(N.(l,l-dimethylethyl)-l,l-bis(4-n-butylphenyl)-l-((l,2,3,3a7a-Tj>3.(N,N-diben^^ 
lH-inden-1 -yl)silanaminato-(2-)-N-)-titamum dimethyl; 

G^-(l,l-dimethylethyl)-l,l-bis(4-n-butylphenyl)-l-((l,2,3,3a,7a-Ti)-3-(N^.dib^ 
lH-inden-1 -yl)silanaminato-(2-)-N-)-titamum bis(trimethylsilyhnethyl); 
25 (N-(l,l-dimethylethyl)-l,l.bis(4-n-butyIphenyl)-l-((l,233aJa-n)0-(N,N-dibenzyl^ 
lH-inden-l-yl)silanaminato-(2-)-N-)-titamum(dimetbylsilylene)bis(methylene); 

(N-(14-dimethylethyl)-l,l-bis(4-n.butylphcnyl>l-((U33a,7a-Ti)-3-(N,N-di^ 
lH-inden-l-yl)silanaminato-(2-)-N-)-titaniiim (III) 2-(NJ^-dimethylamino)ben2yl; 
0>J-(l,Mimethylethyl)-ia-bis(4-n.butylphenyl)-l-((l,23,3a,7a-Ti>^^ 
30 lH-inden-l-yl)silanaminato-(2-)-N-)-titanium (II) l,4-diphenyl-l,3-butadiene; 



dichloro(N-(cyclohexyl)-14-bis(4-n-butylphenyl)-l-((l,23.3a,7a-T|)-3-(N,N^ 
dibenzylamino)- 1 H-inden- 1 -yl)silanaminato-(2-)-N-)-dtanium; 

(N-(cyclohexyl)-lJ-bis(4-n-butylphenyl)-l-((l,2,33a,7a-ii>3-(N,N-dibenzylamino)- 
35 inden- 1 -yl)silanaminato-(2-)-N-)-titamum dimethyl; 
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(N-(cyclohexyl)- 1 , 1 -bis(4-n-butylphenyl)- 1 -(( 1 ,2,3 ,3a,7a-Ti>3-(N,N-dibenzylamino)-lH- 
inden- 1 -yl)silanaminato-(2-)-N-)-titanium bis(trimethylsilylmethyl); 

(N-(cyclohexyl)- 1 , 1 -bis(4-n-butylphenyl)- 1 -(( 1 ,2,3,3a,7a-Ti)-3<N,N-dibenzylamino)- 1 H- 
inden- 1 -yl)silanaininato-(2-)-N-)-titanium (dimethylsilylene)bis(methylene); 

(N-(cyclohexyl)-l,l-bis(4-n-butylphenyl)-l-((l,2,3,3a,7a-Ti>3-(N,NKiiben^^ 
inden-l-yl)silanaminato-(2-)-N-)-titanium (ID) 2-(N,N-dimethyiamino)benzyl; and 

(N-(cyclohexyl)- 1 , 1 -bis(4-n-butylphenyl)- 1 -(( 1 ,2,3,3a,7a-T|)-3-(N,N-diben2ylammo)- IH- 
inden-l-yl)silanammato-(2-)-N-)-titanium (II) l,4-diphenyH,3-butadiene. 



Examples of complexes according to preferred embodiment C) correspond to the formulas: 




R' each occurrence is trimethylsilylmethyl or two R' groups together are 
(dimethylsilylene)bis(methylene). 

Illustrative metal complexes according to embodiment C) include (in addition to those 
complexes previously disclosed with respect to embodiments A) and B)): 
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(N-( 1 , 1 -dimethy lethyl)- 1 , 1 -dimethyl-l -(tetrainethyl-Ti-cyclopentadienyl)siIanaminato-(2-)- 
N-)-titanimn bis(trimethylsilylmethyl); 

(N-(l , 1 -dimethylethyO-l , 1 -diphenyl-l-(tetramethyl-T)-cyclopentadienyl)silanaminato-(2-)- 
N-)-titanium bis(trimethylsilylniethyl); 
5 (N-( 1 , 1 -dimethylethy I)- 1 , 1 -bis(4-methylphenyl> 1 ■<tetrainethyl-Ti- 

cyclopentadienyl)silanaininato-(2-)-N-)-titanium bis(trimethylsilylmethyl); 

(N-(cyclohexyl)-lJ-dimethyl-l-(tetramethyl-ii-K:yclopentadienyl)silanM 
titanium bis(trimethylsilylmethyl); 

(N-(cyclohexy I)- 1 , 1 -diphenyl- 1 -(tetramethyl-T|-cyclopentadienyl)silanaininato-(2-)-N-)- 
10 titanium bis(trimethylsilylmethyl); 

(N-(cyclohexy I)- 1 , 1 -bis(4-methylphenyl)- 1 -(tetramethyl-Ti-cyclopentadienyl)silanaminato- 
(2-)-N-)-titanium bis(trimethylsilylmethyl); 

(N-( 1 , 1 -dimethylethyl)- 1 , 1-dimethyl-l -(( 1 ,2,3,3a,7a-Ti)- 1 -methyM-phenyl-lH-inden-l- 
yl)silanaminato-(2-)-N-)-titaniumbis(trimethylsilylmethyl); 
15 (N-(l,l-dimethylethyl)-l,l-diphenyl-l-((lA3,3a,7a-Ti).l.methyl«4-phenyl4H-^^ 
yl)silanaminato-(2-)-N-)-titanium bis{trimethylsilylmethyl); 

(N-( 1 , 1 -dimethylethyl> 1 , 1 -bis(4-methylphenyl)- 1 -(( 1 ,2,3,3a,7a-ii> 1 -methyl-4-phenyl- IH- 
inden- 1 -yl)silanaminato-(2-)-N-)-titanium bis(trimethylsilylmethyl); 

(N-(cyclohexyl)- 1 , 1 -dimethyl-l -(( 1 ,2,3,3a,7a-Ti). 1 -methyl-4-phenyHH-inden- 1 - 
20 yl)silanaminato-(2-)-N-)-titanium bis(trimethylsilylmethyl); 

(N-(cyclohexyl)- 1 , 1 -diphenyl- 1 -(( 1 ,2,3 ,3a,7a-Ti)- 1 -methyl-4-phenyl. IH-inden- 1 - 
yl)silanaminato-(2-)-N-)-titaniimibis(trimethylsilylmethyl); 

(N-(cyclohexyl)- 1 , 1 -bis(4.methylphenyl)l- 1 -(( 1 ,2,3>3a,7a-Ti)- 1 -methyl-4-phenyI- 1 H-inden- 
l-yl)silanaminato-(2-)-N-)-titaniumbis(trimethylsilyImethyl); 
25 (N-(l,l-dimethyiethyl).l,Mimethyl-l.((i;2,3,3aJa-Ti)0-(l-py^^^ 
yl)silanaminato-(2-)-N-)-titaniumbis(trimethylsilylmethyl); 

(N-(l,l-dimethylethyl)4,l-diphenyl-l-((U3,3aJa-Ti)-3Kl-pyrrolidi 
yl)silanaminato-(2-)-N-)-titanium bis(trimethylsilylmethyl); 

(NKl.l-dimethylethyl)-lJ-bis(4-methylphenyl).I-((U3,3aJa-^^^ 
30 inden- 1 -yl)silanaminato-(2-)-N-)-titanium bis(trimethylsilylmethyl); 

(N-(cyclohexyl)-l,l-dimediyl.K(l,2,3,3a,7a-Ti)-3-(l-pyiTolidiny^ 
yl)siIanaminato-(2->N-)-titanium bis(trimcthylsilylmethyl); 

(N-((qrclohexyl)-14-diphenyl-l<(l,233aJa-Ti)-3-(l-pyrrolidi^^^^ 
yl)silanaminatoK2-)-N-)-titaniiunbis(trimethylsilylmethyl); 
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(N.(cyclohexyl)-lJ-bis{4-methylphenyl)-l-((l,2,33a,7a-Ti)-3-(l-pynolid^^ 
yl)silanaminato-(2-)-N-)-titanium bis(trimethylsilylmethyl); 

(N-(l a -dimethylethyl)-! J-dimethyl-l -((1 ^,33a Ja.T])0-(23,4,5-^^ 
lH-inden-l-yl)silanaminato-(2«)-N-)-titanium bis(trimethylsilylmethyl); 

(N.(l,lKlimethylethyl)-14-diphenyl-l-((i;23,3aJa-Ti)-3-(2 
lH-inden-l-yl)silanaininato-(2-)-N-)-titaniuin bis(trimethylsilylmethyl); 

(N-(14-dimethylethyl)-l,l-bis(4.methylphenyl>l-((U,33aJ^^^ 
pyridinyl>lH.inden-l-yl)silanaminato-(2-)-N-)-titaniumbis(trimethylsi 

(N-(cyclohexyl)-l , iKlimethyM .((1 ,2,3,3a,7a-Ti).3-(23,4,5-tetrahydro-l-pyridinyl).lH. 
inden- 1 -yl)silanaminato-(2-)-N-)-titanium bis(trimethylsilylmethyl); 

(N-(cyclohexyl). 1 , 1-diphenyl- 1 -(( 1 ,2,3,3a,7a-Ti)-3-(2,3,4,5-tetrahydro- l-pyridinyl)-lH. 
inden- 1 -yl)silananiinato-(2-)-N«)-titanium bis(trimethylsilylmethyl); 

(N-(cyclohexyl).lJ-bis(4.methylphenyI).l.{(l^,33a,7a-ii)-3-(2,3A5.te^^ 
pyridinyl)-lH-inden-l-yl)silanaminato-(20-N0-titaniumbis(trmiethylsilylm 

(N.(l,l.dimethylethyl)-l,l.dimethyl-l-((l,233a,7a-Ti)-3-(l,3.dib^ 
IH-inden- 1 -yl)silanaminato-(2-)-N-)-titaniuin bis(trimethyisilylmethyl); 

(N.(l,lKiimethylethyl)-l,lKliphenyl-H(l,2,3,3aJa-T|>3-(l,3-dihyd^^ 
lH-inden-l-yl)siianaminato-(2-)-N-)-titaniuni bis(trimethylsilylmethyl); 

(N-(l , 1 -dimethylethyl)- 1 ,1 -bis(4.methylphenyl)- 1 -({ 1 ,2,3,3a,7a-Ti).3-(l ,3-dihydro-2//. 
isoindol-2-yl)-lH-inden-l-yl)silanaminato<2.>N-)-titanium bis(triniethylsilylmethyl); 

(N.(cyclohexyl)-lJ-dimethyl-l.((l,23,3a,7a-Ti)-3-(l3-dihydro-^^^ 
inden- 1 -yl)silanaminato-(2-)-N-)-titanium bis(trimethylsilylmethyl); 

(N-(cyclohexyl)-14-diphenyl-l<(1^3,3a,7a-n)-3-(l,3-dihydro.^^^ 
inden- l-yl)silanaminato-(2-)-N-)-titanium bis(trimethylsilylmethyl); 

(N-(cyclohexyl)-lJ-bis(4.methylphenyl)-K(lA3,3a,7a-Ti)-3K1.3HUhyd^^^ 
yiy 1 H-inden- 1 -yl)silanaininato-(2-)-N-)-titanium bis(trimethylsilylmethyl); 

(N-(l.l.dimethylethyl)-lJ-dimethyl-l-((l^,3,3aJa-n)-3-(l,23,44efr^^ 
isoquinolinyl)-lH-inden-l-yl)siIananiinato<2-)-N-)-titaniumbis(t™ 

(N-(l ,1 HfimethylethylVUl-diphenyi-l-((l ,2,3,3a,7a.Ti)-3.(l ,2.3,4-tetrahydro-2(lH). 
isoquinolinyl)-lH-inden-l-yl)silanaminato-(2-)-N-)-titanium bis(trimethylsilylmethyl); 

(N-(l,lKlime%lethyl)-14-bis(4-methylphenyl)-l-((l,233a,7a-Ti)0-(1^3 
2(lH)-isoquinolinyl)-lH-inden.l-yl)silananiinato-(20-N->titam^ bis(trimethylsilylmethyl); 

(N-(cyclohexyl>iaHlimethyl-l-((l,23,3a,7a-Ti)-3-(l^,3,4-tetrahydro^^ 
IH-inden- 1 -yl)silanaminato-(2-)-N-).titanium bis(trimethylsilylmethyl); 
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(N-(cyclohexyl)- 1 , 1 -diphenyl- 1 -(( 1 ,2,3,3a,7a-Ti)-3-( 1 ^,3,4-tetrahydro-2(lH)-isoquinoIinyl)- 
IH-inden- 1 -yl)silanaminato-(2-)-N-)-titaniuin bis(trimethylsilylinethyl); 

(N-(cyclohexyl)- 1 , 1 -bis(4-methylphenyl)-l -((1 ,2,33a,7a-ii)-3-(l ,2,3,4-tetr^^ 
isoquinolinyl)-lH-inden-I-yl)silananiiDato-(2-)-N-)-titaniuin bis(trimethylsilylmethyl); 
5 (N-(l,l-dime%lethyl)-lJ-dimethyl-l-((l,23,3aJa.Ti).3.(13-dih^ 

benzo[/]isoindol-2-yl)-lH-inden-l-yl)silanaminato-(2-)-N-)-titanium bis(trimethylsilylmethyl); 

(N-(l , 1 -dimethylethyl)- 1 , 1 -diphenyl- 1 -(( 1 ,2,3 ,3a,7a-ii)-3-( 1 ,3-dihydro-2//.benzo[/]isoindol- 
2-yl)-lH-inden- l-yl)silanaminato-{2-)-N-)-titanium bis(trimethylsilylmethyl); 

(N-( 1 , 1 -dimethylethyl)- 1 , 1 -bis(4-methylphenyl)- 1 -(( 1 ,2,3,3a,7a-Ti)-3-( 1 ,3-dihydro-2//- 
10 benzo|/]isoindol-2-yl)-lH-inden-l-yl)silanaminato-(2-)-N-)-titaniumbis(trimethylsilyl^^ 

(N-(cyclohexyl)- 1 , 1 -dimethyl- 1 -(( 1 ,2,3,3a,7a-Ti)-3-( 1 ,3-dihydro-2^-benzo[/]isoindol-2.yl)- 
IH-inden- l-yl)silanaminato-(2-)-N-)-titaniiim bis(trimethylsilylmethyl); 

(N-(cyclohexyl)- 1 , 1 -diphenyl- 1 -(( 1 ,2,3,3a,7a-T|)-3-( 1 ,3-dihydro-2/f-benzoI/|isoindol-2-yl)- 
IH-inden- 1 -yl)silanaminato-(2-)-N-)-titanium bis(trimethylsilylmethyl); 
15 (N-(cyclohexyl)-I,l-bis(4-methylphenyl)-l-((l,2,3,3a,7a-Ti)-3.(l,3-dihydro-2//- 

ben2o(/|isoindol-2-yl)- lH-inden-1 -yl)silanaminato-(2-)-N-)-titanium bis(trimethysilyh2iethyl 
bis(trimethysilylmethyl; 

(N-( 1 , 1 -dimethylethyl)- 1 , 1 -dimethyl-1 -((1 ,2,3,3a,7a-Ti)-3-(l ,3-dihydro-2//- 
benzo[e]isoindol-2-yl)-lH-inden-l-yl)silanaminato-(2-)-N-)-titanium bis(trimethylsilyhnethyl); 
20 (N-( 1 , 1 -dimethylethyl)- 1 , 1 -diphenyl-l-(( 1 ,2,3,3a,7a-ii>3-(l ,3-dihydro.2^. 

benzo[e]isoindol-2-yl)- lH-inden-1 -yl)silanaminato-(2-)-N-)-titanium bis(trimethylsilyhnethyl); 

G^-( 1 , 1 -dimethylethyl)- 1 a -bis(4-methylphenyl)- 1 -(( 1 ,2,3,3a,7a-Ti)-3-( 1 ,3 -d^^ 
benzo[e]isoindol-2-yl)-lH-inden-l-yl)silanaminato-(2-)-N-)-titanium bis(trimethylsilyhnethyl); 

(N-(cyclohexyl)- 1 , 1 -dimethyl-l -(( 1 ^3,3a,7a-Ti)-3-( 1 ,3-dihydro-2fl'.benzo[e]isoindol-2-yl)- 
25 lH-inden-l-yl)silanaminato-(2-)-N-)-titanium bis(trimethylsilylmethyl); 

(N-(cyclohexyl>l,l-diphenyl-l-((1^3^aJa-n)-3-(13-^hydro-2i/-benzo[e]i^^^ 
lH-inden-1 -yl)siIanaminato*(2-)-N-)-titamum bis(trimetbylsilybnetfayl); 

(N-(cycIohexyl>l,l-bis(4-methylphenyl>H(l,2,3,3a,7a-ii>3-(13-dihydro-2^^ 
benzo[€]isoindol-2-yl)-lH-inden-l-yl)silanaminato-(2-)-N-)-titaniimibis(trimethylsi 
30 (N.(l,l-dimethylethyl)-l.l-dimethyl-l-((U33aJa-Ti)-3-[l/f-ben20[rfe^ 
yl]-lH-inden-l-yl)silanaminato-(2-)-N-)-titamumbis(trimethylsilyhnethyl); 

(N-(l,l-dimethylethyl)-14-diphenyl-l-((l,23,3a,7a-ii)-3.[l/f-benzo[rfe^ 
yl]-lH-inden-l-yl)silanaminato-(20-N-)-titamumbis(trimethylsilylmethyI); 
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(N-(l,l-dimethylethyl)-l,l.bis(4-methylphenyl)-l-((l,233aJa-Ti>^^^ 
benzo[t/e]isoquinolin-2(3^yl]-lH-inden-l-yl)silanaininato-(2-)-N->^ 
bis(triniethyisilylmethyl); 

(N-(cyclohexyl)-l , 1 -dimethyl- 1 -((1 ,2,3,3a,7a-Ti).3-[l//-benzo[rfe]isoquinolin-2(3/0-yll-lH- 
5 inden- 1 -yl)silanaminato-(2-)-N-)-titamum bis(triinethylsilylmethy 1); 

(N-(cyclohexyl)-14-diphenyl-l-((l,2,3,3a,7a-Ti)-3-[l//.beiizo[rf^^ 
inden- 1 -yl)silanaminato-(2-)-N-)-titanium bis(triniethylsilylniethyl); 

(N-(cyclohexyl)- 1 , 1 -bis(4-methylphenyl)- 1 -(( 1 ,2,3 ,3a,7a-ii)-3-[ l//-benzo[rfe] isoquinolin- 
2(3-^0-yl]-J H-inden- 1 -yl)silananiinato-(2-)-N-)-titanium bis(trimethylsilylmethyl); 
10 (N-(cyclohexyi)-l,l-dime%l-l-((U,3,3a,7a-Ti)-3-[l//-benzo[rfe]isoquinoli^^^ 
inden- 1 -yl)silanaminato-(2-)-N-)-titanium bis(trimethylsilylinethyl); 

(N-{cyclohexyl)-l ,1 -diphenyl- 1 -(( 1 ,2,3,3a,7a-Ti)-3-[l/f-benzo[(/e]isoquinolin.2{3/0-yl]-lH- 
inden-1 -yl)silanaminato-(2-)-N-)-titanium bis(trimetbylsilylmethyl); 

(N-(cyclohexyl)-l , 1 -bis(4-methylphenyl)- 1 -(( 1 ,2,3,3a,7a-Ti)-3-[ l//-ben2o[rfc]isoquinolin- 
1 5 2(3//)-yl]- 1 H-inden- 1 -yl)silanaminato-(2-)-N-)-titanium bis(trimethylsilylmethyl); 

(N-( 1 , 1 -dimethylethyl)- 1 , 1 -dimethyl- 1 -(( 1 ,2,3,3a,7a-Ti)-3-(N,N-diben2ylamino)- 1 H-inden- 
l-yl)silanaminato-(2-)-N-)-titaniimi bis(trimethylsilylmethyl); 

(N-( 1 , 1 -dimethylethyl)- 1 , 1 -diphenyl- 1 -(( 1 ,2,3 ,3a,7a-r|)-3-(N ,N-dibenzylamino> 1 H-inden- 
1 -yl)silanaminato-(2-)-N-)-titanium bis(trimethylsilylmethyl); 
20 (N-( 1 , 1 -dimethylethyl). 1 , 1 -bis(4-methylphenyl)- 1 -(( 1 ,2,3 ,3a,7a-ii)-3-(N,N-diben2ylamino)- 

IH-inden- 1 -yl)silanaminato-(2-)-N-)-titanium bis(trimethylsilylmethyl); 

(N-(cyclohexyl)-l,l-dime±yl.l-((l,2,3,3a,7a.Ti)-3-(NJ>I-dibenzylamino)-lH-inden-l- 
yl)silanaminato-(2-).N-)-titaniumbis(trimethylsilylmethyl); 

(N-(cycIohexyl)-l,l-diphenyH-((l,2,3,3aJa-Ti)-3-(N,N-dibenzylamino>lH-inden-l- 
25 yl)silanaminato-(2-)-N-)-titanium bis(trimethylsilylmethyl); 

(N-(cyclohexyl)-14-bis(4.methylphenyl).l-((i;23,3aJa.ii)-3-(N,N-dibenzylamin 
inden-l-yl)silanaminato-(2-)-N-)-titaniumbis(trimethylsilylmethyl). 

(N-(l , 1 -dimethylethyl)- 1 , 1-dimeihyI-l -(tetramethyl-T)-cyclopentadienyl)silanaminato-(2-)- 
30 N-)-titanium (dimethylsilylene)bis(methylene); 

(N-(l , 1 -dimethylethyl)- 1 , 1 -diphenyl-1 -(tetramethyl-Ti-cyclopentadienyl)siIanaminato-(2-)- 
N-)-titanium(dimethylsilylene)bis(methylene); 

(N-(l,l-dimethylethyl).l,l.bis(4-methylphenyl)-l-(tetramethyl-ii- 
cyclopentadienyl)silanaminato-(2-).N-)-titanium(dimethylsiIylene)bis(meA^^ 
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(N-(cyclohexyl)- 1 , 1 -dimethyl- 1 -(tetrmethyl-iiK;yclopentodienyl)silanaminato-(2-)-N-)- 
titanium (dimethylsilylene)bis(methylene); 

(N-(cyclohexyl)- 1 , 1 -diphenyU 1 -(tetramethyl-T)-cyclopentadienyl)silanaminato-(2-)-N-> 
titanium (dimethylsilylene)bis(methylene); 
5 (N-{cyclohexyl)- 1 , 1 -bis(4-methylphenyl)- 1 -(tetramethyl-Ti-cyclopentadienyl)silanaminato- 

(2-)-N-)-titanium (dimethylsilylene)bis(methylene); 

(N-(lJ-dimethylethyl)-l,l-dimethyl-l-((l,233a,7a-Ti)-l-methyM-^^^ 
yl)silanaminato-(2-)-N-)-titanium(dimethylsilylene)bis(methylene); 

(N-( 1 , 1 -dimethylethyl). 1 J -diphenyl- 1 -(( 1 ,233a Ja-Ti)- 1 .methyl-4-phenyl- 1 H-m^^ 
1 0 yl)silanaminato-(2-)-N-)-titanium (dimethylsilylene)bis(methylene); 

(N-( 1 , 1 ^methylethyl)- 1 4 -bis(4-methylphenyl)- 1 -(( 1 ,233a,7a-Ti> 1 -methyM 
inden- 1 -yl)silanaminato-(2-)-N-)-titanium (dimethylsilylenc)bis(methylene); 

(N-(cyclohexy I)- 1 , 1 -di methyl- 1 -(( 1 ;2,3,3a,7a-Ti)- 1 -methyl-4-phenyl- 1 H-inden- 1 - 
yl)silanaminato-(2-)-N-)-titanium (dimethylsilylene)bis(methylene); 
1 5 (N-(cyclohexyl)- 1 , 1 -diphenyl- 1 -(( 1 ,2,3,3a,7a-Ti)- 1 -methyl-4-phenyl- 1 H-inden- 1 - 

yl)silanaminato-(2-)-N-)-titanium (dimethylsilylene)bis(methylene); 

(N-(cyclohexyl)- 1 , 1 -bis(4-methylphenyl)l- 1 -(( 1 ,2,3,3a,7a-ii)- 1 -methyl-4-phenyl- IH-inden- 
l-yl)silanaminato-(2-)-N-)-titanium (dimethylsilylene)bis(methylene); 

(N-(l ,1 -dimethylethyl)- 1 ,1 -dimethyl-i -(( l,2,3,3a,7a-Ti)-3-(l -pyrrolidinyl>lH-inden-l- 
20 yl)silanaminato-(2-)-N-)-titanium (dimethylsilylene)bis(methylene); 

(N-(lJ-dimethylethyl)-ia-diphenyl-l-((l,233a,7a-ii)-3-(l-pyiTolidinyl>lH-inden-l- 
yl)silanaminato-(2-)-N-)-titanium(dimethylsilylene)bis(methylene); 

(N-(14-dimethylethyl)-lJ-bis(4-methylphenyl>l-((l,233a,7a-Ti)-3-(l-pyrrol^ 
inden- 1 -yl)silanaminato-(2-)-N-)-titanium (dimethylsilylene)bis(methylene); 
25 (N-(cyclohexyl)-l,l-dimethyl-l-((1^33aJa-ii)-3-(l-pyiroM^ 
yl)silanaminato-(2-)-N-)-titanium(dimethylsilylene)bis(methylene); 

(N-(cycIohexyl)-l,l-diphenyl-l-((1^33aJa-ii)0-(l-pyrroUdinyl)-lH-inden-l^ 
yl)silanaminato-(2-)-N-)-titanium(dimethylsiIylene)bis(methylene); 

(N-(cyclohexyl)- 1 , 1 -bis(4-methylphenyl)- 1 -(( 1 ^,3.3a,7a-Ti)-3-( I -pyrrolidinyl)- 1 H-inden- 1 - 
30 yl)silanaminato-(2-)-N-)-titanium(dimethylsilylene)bis(methylene); 

(N-( 1 . 1 -dimethylethyl)- 1 , 1 -dimethyl- 1 -(( 1 ,23 3a,7a-ii)-3-(23,4,5-tetrahyd^^ 
IH-inden- 1 -yl)silanaminato-(2-)-N-)-titanium (dimethylsilylene)bis(methylene); 

(N-(l,l-dimethyiethyl)-lJ.diphenyi-H(U33a,7a-T|)-3-(23,43-tetrahyd^^^ 
IH-inden- 1 -yl)silanaminato-(2-)-N-)-titanium (dimethylsilylene)bis(methylene); 
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(N.(l,l-dimethylethyl)-lJ.bis(4-methylphenyl>l-((l,233a,7a-n 
pyridinyl)-lH-inden-l-yl)silanaininato-(2-)-N-)-titanium (dimethylsilylene)bis(methylene); 

(N-(cyclohexyl)-l J -dimethyl-l -((1 ,2,3,3a Ja-ii)0-(2;3A5.tetrahy^ 
mden-l-yl)siIanaminato-(2-)-N-)-titaiuum (dimethylsilylene)bis(methylene); 
5 (N-{cyclohexyl)-l,lKliphenyl.K(l,2,33a,7a-n)-3-(23,4,5-tetrahydro-^ 
inden- l-yl)silanaminato-(2-)-N-)-titanium (dimethylsilylene)bis(metbylene); 

(N-(cyclohexyl).l,l-bis(4-methylphenyl)-H(U,33a,7a.ii)-3-(2,3,^ 
pyridinyl)- IH-inden- 1 -yl)silanaminato-(2-)-N-)-titanium (dimethylsilylene)bis(methylene); 

(N-(l,l^imethylethyl)-l,lKlime%l-l-((l,2,3.3a,7a-Ti)0-(l,3-dD^^ 
10 IH-inden- 1 -yl)silanaminato-(2-)-N-)-titaniuni (diniethylsilylene)bis(methylene); 

(N-(l,l-dimethylethyl)-l,l-diphenyl.l.((l,2,3,3a,7a-Ti)-3-(l,3Kiihy^^^ 
IH-inden- l-yl)silanaininato-(2-)-N-)-titaniuin (dimethylsilylene)bis(methylene); 

(N-(l,l-dimethylethyl)-l,l-bis(4-methylpbenyl)-H(l,2,3,3a,7a-^ 
isoindol-2-yl)-lH-inden-l-yl)silanaminato-(2-)-N-)-titaniuin (dimethylsilylene)bis{methylene); 
15 (N-(cyclohexyl)-l,l-dimethyl-K(l,2,3,3a,7a-n)-3<l,3-dihydro-2^.isomdo^^^ 
inden- 1 -yl)silanaminato-{2-)-N-)-titanium (dimethylsilylene)bis(inethylene); 

(N-(cyclohexyl)-l,l-diphenyl-l-((l,233aJa-Ti)-3-(l,3-dihydro-2^-isomdoU^ 
inden- 1 •yl)silanaminato-(2-)-N-)-titanium (dimethylsilylene)bis(methylene); 

(N-(cyclohexyl). 1 , 1 -bis(4.methylphenyl). 1 -(( 1 ,2,3,3a,7a-Ti)-3-( 1 ,3-dihydro-2^-isoindol>2- 
20 yl)-lH-mden-l-yl)silanaminato-(2-)-N-)-titaniuin (dimethylsilylene)bis(methylene); 

(N-(l,l-dimcthylethyl).l,l-dimethyl-l.((l,2,33a,7a-Ti)0>(l,2,3,4-^^ 
isoqumoUnyl)-lH-inden-l-yl)silanaminato-(2-)-N-)-titamum (dimethylsilylene)bis(methylene); 

(N-(l,i-dimethylethyl)-l,lKliphenyl-I-({l,2,3,3a,7a-ii)-3-(l,2,3^^ 
isoquinolinyl)-lH-inden-l-yl)silanaminato-(2-)-N-)-titanium (dimethylsilylene)bis(methylene); 
25 (N.(l,l-dimethylethyl)-l,l-bis(4.methylphenyl>l-((l,2,3,3a,7a-^ 
2(lH>isoquinolinyl)-lH-inden*l-yI)silaiiammat(K2-)-N-)-tit^^ 
(diinethylsilylene)bis(methylene); 

(N-(cyclohexyl)-l,l^imcthyl-l-((U33a,7a-Ti)0-(lA3,44etrahydro-2( 
lH-inden-1 -yl)silanaminato-(2-)-N-)-titaniuin (dimethylsilylene)bis(methylene); 
30 (N-(cyclohexyl)-14-diphenyl.l-((U,33a,7a-ii)-3-(lA3,4-tetrahydr^^ 
lH-mden-l-yI)silanaminato-(2-)-N-)-titamum (dimethyls 

(N.(cyclohexyl)-lJ-bis(4-methylphenyl)-K(U,3,3a,7a-T))-3-^ 
isoquinoUnyl>lH-inden-l -yl)silanaminato-(2-)-N-).titaiiium (tf ^ 



-57- 



wo 01/42315 PCT/USOO/31645 

(N-( 1 , 1 -dimethylethyl). 1 , 1 dimethyl- 1 -(( 1 ,2,33a,7a-Ti)-3-( 1 ,3 -dihydro-2//- 
benzo[/]isoindol-2-yl)- 1 H-inden- 1 -yl)silanaininato-(2-)-N-)-titaniuin 
(dimethylsilylene)bis(methylene); 

(N-( 1 , 1 -dimethylethyl)- 1 , 1 -diphenyl- 1 -(( 1 ,2,3,3a,7a-T|)-3-( 1 ,3-dihydro-2//-benzo[/]isoindol- 
5 2-yl)-lH-inden- l-yl)silanaminato-(2-)-N-)-titanium (dimethylsilylene)bis(methylene); 

(N.(l,Mimethylethyl)-l,l-bis(4-methyiphenyl).l-((l,2,33a^^^^ 
benzo[/]isoindol-2-yl)-lH-inden-l-yl)silanaminato-(2-)-N-)-titanium 
(dimethylsilylene)bis(methylene); 

(N-(cyclohexyl)- 1 , 1 -dimethyl-1 -((1 ,2,3,3a,7a-Ti)-3-( 1 ,3-dihydro-2i/-benzo[/lisoindol-2-yl)- 
10 IH-inden- 1 -yl)silanaininato-(2-)-N-)4itanium (dimethylsilylene)bis(methylene); 

(N-(cyclohexyl)- 1 , 1 -diphenyl- 1 -(( 1 ^,3,3a,7a-T])-3-( 1 ,3-dihydro-2i/-benzo[/]isoindol-2-yl)- 
IH-inden- 1 -yl)silanaminato-(2-)-N-)-titaniuni (dimethylsilylene)bis(methylene); 

(N-(cyclohexyl)- 1 , 1 -bis(4-methylphenyl)- 1 -(( 1 ^,3,3a,7a-Ti)-3-( 1 ,3-dihydro-2//- 
benzo|/]isoindol-2-yl)-lH-inden-l-yl)silanaminato-(2-)-N-)-titaniumbis(trimethysi 
1 5 bis(triinethysilylmethyl; 

(N-(l,l-dimethylethyl)-l,l-dimethyUl-((l,23,3a7a-Ti)-3-(l,3-dihyd^^^ 
benzo[e]isomdol-2-yl)-lH-inden-l-yl)silaiiaminato-(2-)-N-)-titam 
(dimethylsilylene)bis(inethylene); 

(N-(14'Klimethylethyl)-l,l-diphenyl4-((1.233a,7a-T]>3-(l,3<^^ 
20 benzo[e]isoindol-2-yl)-lH-mden-l-yl)silanaminato-(2-)-N0-titanium 
(dimethylsilylene)bis(inetbylene); 

(N-(lJ-dimethylethyl).14-bis(4-methylphenyl)-l-((i;2,3,3a,7a^ 
benzo[e]isoindol-2-yl)-lH-inden-l-yl)silanaminato-(2-)-N-)-titanium 
(dimetfaylsilylene)bis(methylene); 
25 (N-(cydohexyl)-l,l.dimethyl-l-((lA3,3a,7a-ii)-3K13-dihydn>-2/^^ 
lH-inden-l-yl)silanaminat(>-(2-)-N-)-titanium(dimethylsilylene 

(N.(cyclohexyl)-l,l-diphenyl-K(l,233a,7a.Ti>3-(13-dih^^ 
lH-inden-1 -yl)silanaiTimato-(2-)-N-)-titaniuin (dimethylsilylene)bis(methylene); 

(N-(cyclohexyl)-l,l-bis(4-methylphenyl)-I-((U33aJa-Ti>3-(13-d^^ 
30 benzo[e]isoindol-2-yl>lH-inden-l-yl)silanaminato-(2->N-)-titaniuni 
(dimetbylsilylene)bis(methylene); 

(N-(l,l-dimethyle%l)-l,l-dime%l.l-((l^,33a,7a-Ti)-3-[l//-ben2o[^^^ 
yl]- 1 H-inden- 1 -yl)silanaininato-(2-)-N-)-titaniuin (dimethylsilylene)bis(methylene); 
(N-(I,lKUmethylethyl)-lJ.diphenyl-l-((l,233aJa-Ti)-3-[l/f^ 
35 yI]-lH-inden-l-yl)silanaminato-(2-)-N-)-titanium(dimethylsilylen^ 
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(N-( 1 , 1 -dimethylethyl)- 1 , 1 -bis(4-methylphenyl)- 1 -(( 1 ,2,3,3a,7a-ii)-3-[ l//- 
benzo[rfe]isoquinolin-2(3/0-yl]-l H-inden-1 -yl)silanaminato-(2-)-N->ut^ 
(dimethylsilylene)bis(methylene); 

(N-(cyclohexyl)-l,l-dimethyl-l-((1^3,3aJa-Ti)-3-[l/f.benzo[rfe]isoqu^ 
5 inden-1 -yl)silanaminato-(2-)-N-)-titanium (dimethylsilylene)bis(inethylene); 

(N-(cyclohexyl)- 1 , 1-diphenyl- 1 -(( 1 ,2,3,3a,7a-r|)-3-[ l//-benzo[rfe]isoquinolin-2(3//)-yl]-lH- 
inden-l-yl)silanaminato-(2-)-N-)-titanium (dimethylsilylene)bis(methylene); 

(N-(cycIohexyl> 1 , 1 -bis(4-methylphenyl)- 1 -(( 1 ,2,3,3a.7a-r|)-3-[ l/^ben2o[&]isoquinolin- 
2(3//)-yl]- IH-inden- 1 -yl)silanamiiiato-(2-)-N-)-titaniuin (dimethylsilylene)bis(methylene); 
10 (N-(cyclohexyl>l,l-dimethyl4.((U33a,7a-n)-3-[l^-benzo[(/e]isoquinoUn-2(^^ 
inden- 1 -yl)silanaminato-(2-)-N-)-titanium (dimethylsilylene)bis(methylene); 

(N-(cyclohexyl)-l,l-diphenyl4<(l,23,3a,7a-Ti)0-[l//-benzo[Je]isoquinolm^^^ 
inden- 1 -yl)silanaminato-(2-)-N-)-titanium (dimethylsilylene)bis(methylene); 

(N-(cyclohexyl)-14-bis(4-methylphenyl>l-((l,23,3a,7a-T|)-3-[l/Aben2o[rfe]is^ 
15 2(3//)-yl]-lH-inden-l-yl)silanaminato-(2-)-N-)-titanium (dimethylsilylene)bis(methylene); 

(N-( 1 , 1 -dimethylethyl)- 1 , 1 -dimethyl- 1 -(( 1 ^,3,3a,7a-Ti>3-(N,N-dibenzylamino)- 1 H-inden- 
l-yl)silanaminato-(2-)-N-)-titanixim (dimethylsilylene)bis(inethylene); 

0^-( 1 , 1 -dimethylethyl)- 1 . 1 -diphenyl-1 -(( 1 ,2,3,3a,7a-Ti)-3-(N,N-dibenzylamino)- 1 H-inden- 
l-yl)silanaminato-(2-)-N-)-titanium(dimethylsilylene)bis(methylene); 
20 (N-( 1 ,1 -dimethylethyl)- 1 ,l-bis(4-methylphenyl)- 1 -(( 1 ,2,3,3a,7a-r|)-3-(N,N-dibenzylamino)- 

IH-inden- 1 -yl)silanaminato-(2-)-N-)-titanium (dimethylsilylene)bis(methylene); 

(N-(cyclohexyl)-l J -dimethyl-1 -(( I ^,33a,7a-T^)-3-(NJ^-dl^)enzylamino)-lH-inden-^ 
yl)siIanaminato-(2-)-N-)-titanitun (dimethylsilylene)bis(methylene); 

(N-(cyclohexyl)- 1 , 1 -diphenyl- 1 -(( 1 ,2,3^a,7a-Ti)-3-(N^-dibenzylamino)- 1 H-inden- 1 - 
25 yl)5ilananunato-(2-)-N-)-titanium (dimethylsilylene)bis(methylene); and 

(N-(cyclohexyl)-l,l-bis(4-methylphenyl)-l-((l,23,3a,7a-Ti>-3-(N,N-dibe^ 
inden- 1 -yl)silanaminato-(2-)-N-)-titanium(dimethylsilylene)bis(methylene). 

The complexes can be prepared by use of well known synthetic techniques. The reactions 
30 are conducted in a suitable noninterfering solvent at a temperature from -100 to 300X, preferably 
from -78 to 100**C, most preferably from 0 to SO^'C Suitable reaction media for the formation of the 
complexes include aliphatic and aromatic hydrocarbons, ethers, and cyclic ethers, particularly 
branched-cbain hydrocarbons such as isobutane, butane, pentane, hexane, heptane, octane, and 
mixtures thereof; cyclic and alicyclic hydrocarbons such as cyclohexane, cycloheptane, 
35 methylcyclohexane, methylcycloheptane, and mixtures thereof; aromatic and hydrocarbyl- 
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substituted aromatic compounds such as benzene, toluene, and xylene, Cj^ dialkyl ethers, Ci_4 

dialkyl ether derivatives of (poly)alkyiene glycols, and tetrahydrofuran. Mixtures of the foregoing 
are also suitable. 

Optionally a reducing agent can be employed to produce the lower oxidation state 
5 complexes. By the term "reducing agent" herein is meant a metal or compound which, under 
reducing conditions causes the metal M, to be reduced from a higher to a lower oxidation state. 
Examples of suitable metal reducing agents are alkali metals, alkaline earth metals, aluminum and 
zinc, alloys of alkali metals or alkaline earth metals such as sodium/mercury amalgam and 
sodiiun/potassiimi alloy. Examples of suitable reducing agent compounds are sodium 

10 naphthalenide, potassiiun graphite, lithium alkyls, lithixmi or potassium alkadienyls; and Grignard 
reagents. Most preferred reducing agents are the alkali metals or alkaline earth metals, especially 
lithium and magnesium metal. Suitable techmques for preparing complexes of the present invention 
are well known to the skilled artisan and may be readily derived from techniques taught, for 
example, in the previously mentioned publication, WO98/06727 (USSN 230,185, filed July 28, 

15 1997). 

The complexes are rendered catalytically active by combination with an activating 
cocatalyst or use of an activating technique, such as those that are previously known in the art for 
use with Group 4 metal olefin polymerization complexes. Suitable activating cocatalysts for use 
herein include polymeric or oligomeric alumoxanes, especially methylalumoxane, triisobutyl 

20 aluminum modified methylalumoxane, or isobutylalumoxane; neutral Lewis acids, such as C].3o 
hydrocarbyl substituted Group 13 compounds, especially tri(hydrocaibyl)aluminum- or 
tri(hydrocarbyl)boron compounds and halogenated (including perhalogenated) derivatives thereof, 
having from 1 to 10 carbons in each hydrocarbyl or halogenated hydrocarbyl group, more especially 
perfluorinated tri(aryl)boron compounds, and most especially tris(pentafluoro-phenyl)borane; 

25 nonpolymeric, compatible, noncoordinating, ion forming compounds (including the use of such 

compounds under oxidizing conditions), especially the use of ammonium-, phosphonium-, oxonium- 
, carbonium-, silylium- or sulfonium- salts of compatible, noncoordinating anions, or ferroceniimi 
salts of compatible, noncoordinating anions; bulk electrolysis (explained in more detail hereinafter); 
and combinations of the foregoing activating cocatalysts and techniques. The foregoing activating 

30 cocatalysts and activating techniques have been previously taught with respect to different metal 
complexes in the following references: EP-A-277,003, US-A-5,153,157, US-A-5,064,802, 
US-A.5.321.106, US-A-5,721,185, US-A-5350,723, US-A.5,425,872, US-A-5,625,087, 
US-A-5,883,204, US-A-5,919,983, US.A-5,783,512, WO 99/15534, and USSN 09/251,664, filed 
February 17, 1999. 

35 Combinations of neutral Lewis acids, especially the combination of a trialkylaluminum 

compound having from 1 to 4 carbons in each alkyl group and a halogenated tri(hydrocarbyl)boron 
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compound having from 1 to 20 carbons in each hydrocarbyl group, especially 
tris{pentafluorophenyl)borane, further combinations of such neutral Lewis acid mixtures with a 
polymeric or oligomeric alumoxane, and combinations of a single neutral Lewis acid, especially 
tris(pentafluorophenyl)borane with a polymeric or oligomeric alumoxane are especially desirable 
5 activating cocatalysts. Preferred molar ratios of Group 4 metal complex:tris(pentafIuoro- 
phenylboraneialumoxane are from 1:1:1 to 1:10:30, more preferably from 1:1:1.5 to 1:5:10. 

Suitable ion forming compounds useful as cocatalysts in one embodiment of the present 
invention comprise a cation which is a Bronsted acid capable of donating a proton, and a 
compatible, noncoordinating anion, A\ As used herein, the term '*noncoordinating'* means an anion 

10 or substance which either does not coordinate to the Group 4 metal containing precursor complex 
and the catalytic derivative derived therefrom, or which is only weakly coordinated to such 
complexes thereby remaining sufficiently labile to be displaced by a neutral Lewis base. A 
noncoordinating anion specifically refers to an anion which when functioning as a charge balancing 
anion in a cationic metal complex does not transfer an anionic substituent or fragment thereof to said 

1 5 cation thereby forming neutral complexes. Compatible anions" are anions which are not degraded 
to neutrality when the initially formed complex decomposes and are noninterfering with desired 
subsequent polymerization or other uses of the complex. 

Preferred anions are those containing a single coordination complex comprising a charge- 
bearing metal or metalloid core which anion is capable of balancing the charge of the active catalyst 

20 species (the metal cation) which may be formed when the two components are combined. Also, said 
anion should be sufficiently labile to be displaced by olefinic, diolefinic and acetylenically 
imsaturated compounds or other neutral Lewis bases such as ethers or nitriles. Suitable metals 
include, but are not limited to, aluminimi, gallium, niobium or tantalum. Suitable metalloids 
include, but are not limited to, boron, phosphorus, and silicon. Compoimds containing anions which 

25 comprise coordination complexes containing a single metal or metalloid atom are, of course, well 
known and many, particularly such compounds containing a single boron atom in the anion portion, 
are available commercially. 



Preferably such cocatalysts may be represented by the following gena:al formula: 
(L*.H)/(A)* 



30 



wherein: 

L*^ is a neutral Lewis base; 

(L*'liy^ is a conjugate Bronsted acid of L*; 



35 



A is a noncoordinating, compatible anion having a charge of d-, and 
d is an integer from 1 to 3. 

More preferably A**" corresponds to the formula: [M'QJ"; 



wherein: 
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M* is boron or aluminum in the +3 formal oxidation state; and 

Q independently each occurrence is selected from hydride, dialkylamido, halide, 
hydrocarbyl, hydrocarbyloxide, halo-substituted hydrocarbyl, halo-substituted hydrocarbyloxy, and 
halo- substituted silylhydrocarbyl radicals (including perhalogenated hydrocarbyl- perhalogenated 
5 hydrocarbyloxy- and perhalogenated silylhydrocarbyl radicals), said Q having up to 20 carbons with 
the proviso that in not more than one occurrence is Q halide. Examples of suitable 
hydrocarbyloxide Q groups are disclosed in U. S. Patent 5,296,433. 

In a more preferred embodiment, d is one, that is, the counter ion has a single negative 
charge and is A'. Activating cocatalysts comprising boron which are particularly useful in the 
10 preparation of catalysts of this invention may be represented by the following general formula: 

(L*-Hr(BQ4)-; 

wherein: 

L** is as previously defined; 
B is boron in a formal oxidation state of 3; and 
15 Q is a hydrocarbyl-, hydrocarbyloxy-, fluorohydrocarbyl-, fluorobydrocarbyloxy-, 

hydroxyfluorohydrocarbyl-, dihydrocarbylaluminumoxyfluorohydrocarbyl-, or fluorinated 

silylhydrocarbyl- group of up to 20 nonhydrogen atoms, with the proviso that in not more than one 

occasion is Q hydrocarbyl. Most preferably, Q is each occurrence a fluorinated aryl group, 

especially, a pentafluorophenyl group. 
20 Preferred Lewis base salts are ammonium salts, more preferably trialkylammonium salts 

containing one or more alkyl groups. 

Illustrative, but not limiting, examples of boron compounds which may be used as an 

activating cocatalyst in the preparation of the improved catalysts of this invention are 
tri-substituted ammonium sahs such as: 
25 trimethylammonium tetrakis(pentafluorophenyl) borate, 

triethylammonium tetrakis(pentafluorophenyl) borate, 

tripropylammonium tetrakis(pentafluorophenyl) borate, 

tri(n-butyl)ammonium tetrakis(pentafluorophenyl) borate, 

tri(sec-butyl)ammonimn tetrakis(pentafluorophenyl) borate, 
30 NJ«f-dimethylanilinium tetrakis(pentafluorophenyl) borate, 

N,N-dimethylanilinium n-butyltris(pentafluorophenyl) borate, 

N J^-dimethylanilinium benzyItris(pentafluorophenyl) borate, 

N,N-dimethylanilinium tetrakis(4-(t-butyldimethylsilyl)-2, 3, 5, 6-tetrafluorophenyl) borate, 
NJ4-dimethylanilinium tetrakis(4-(triisopropylsilyl)-2, 3, 5, 6-tetrafluorophenyl) borate, 
35 N J4-dimethylanilinium pentafluorophenoxytris(pentafluorophenyl) borate, 
N,N-diethylanilinium tetrakis(pentafluorophenyl) borate, 
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N,N-dimethyl-2,4,6-triinethylaniliniiun tetrakis(pentafluorophenyl) borate, 

dimethyltetradecylammonium tetrakis(pentafluorophenyl) borate, 

dimethylhexadecylammonium tetrakis(pentafluorophenyl) borate, 

dimethyloctadecylammonium tetrakis(pentaf1uorophenyl) borate, 
5 metbylditetradecylammonium tetrakis(pentafluoropbenyl) borate, 

methylditetradecylammonium (hydroxyphenyl)tris(pentafluorophenyl) borate, 

metbylditetradecylammonium (diethylaluminoxyphenyl)tris(pentafluorophenyl) borate, 

methyldihexadecylammonium tetrakis(pentafluorophenyl) borate, 

methyldibexadecylammonium (hydroxyphenyl)tris(pentafluorophenyl) borate, 
1 0 methyldihexadecylammonium (diethylaluminoxyphenyl)tris(pentafluorophenyl) borate, 

methyldioctadecylammonium tetrakjs(pentafluoropbenyl) borate, 

methyldioctadecylammonium (hydroxyphenyl)tris(pentafluorophenyl) borate, 

methyldioctadecylammonium (diethylaluminoxyphenyl)tris(pentafluoropbenyl) borate, 

mixtures of the foregoing, 
1 5 dialkyl ammonium salts such as: 

di-(i-propyl)ammonium tetrakis(pentafluorophenyl) borate, 

methyloctadecylammonium tetrakis(pentafluorophenyl) borate, 

methyloctadodecylammonium tetrakis(pentafluorophenyl) borate, and 

dioctadecylammonium tetrakis(pentafluorophenyl) borate; 
20 tri-substituted phosphonium salts such as: 

triphenylphosphoniimi tetrakis(pentafluorophenyl) borate, 

methyldioctadccylphosphonium tetrakis(pentafluorophenyl) borate, and 

tri(2,6^methylpbenyl)phosphonium tetrakis(pentafluorophenyl) borate; 
di-substituted oxonium salts such as: 
25 diphenyloxonium tetrakis(pentafluorophenyl) borate, 

di(o-tolyl)oxonium tetrakis(pentafluorophenyl) borate, and 

di(octadecyl)oxonium tetrakis(pentafluorophenyl) borate; 
di-substituted sulfonium salts such as: 

di(o-tolyl)sulfonium tetrakis(pentafluorophenyl) borate, and 
30 methylcotadecylsulfonium tetrakis(pentafIuorophenyl) borate. 

Preferred (L*-H)'*' cations are methyldioctadecylammonium and 

dimethyloctadecylammonium. The use of the above Bronsted acid salts as activating cocatalysts for 

addition polymerization catalysts is known in the art, having been disclosed in USP 5,064,802, 

5,919,983, 5,783,512 and elsewhere. 
35 Another suitable ion forming, activating cocatalyst comprises a salt of a cationic oxidizing 

ag«it and a noncoordinating, compatible anion represented by the formula: 
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(Ox%(A^)e. 
wherein: 

Ox^ is a cationic oxidizing agent having a charge of e+; 

e is an integer from 1 to 3; and 
5 A**" and d are as previously defined. 

Examples of cationic oxidizing agents include: ferrocenium, hydrocarbyl-substituted 
ferrocenium, Ag*' or Pb*^. Preferred embodiments of A^ are those anions previously defined with 
respect to the Bronsted acid containing activating cocatalysts, especially 
tetrakis(pentafIuorophenyl)borate. The use of the above salts as activating cocatalysts for addition 
10 polymerization catalysts is known in the art, having been disclosed in US-A-S,32 1,106. 

Another suitable ion forming, activating cocatalyst comprises a compound which is a salt of 
a carbenium ion and a noncoordinating, compatible anion represented by the formula: 

©*A- 

wherein: 

15 & is a C|.2o carbenium ion; and 

A' is as previously defined. A preferred carbenium ion is the trityl cation, that is 
triphenylmethylium. The use of the above carbenium salts as activating cocatalysts for addition 
polymerization catalysts is known in the art, having been disclosed in US-A-5,350,723. 

A further suitable ion forming, activating cocatalyst comprises a compound which is a salt 
20 of a silylium ion and a noncoordinating, compatible anion represented by the formula: 
R3Si(X')q*A* 
wherein: 

R is Cmo hydrocarbyl, and X*, q and A* are as previously defined. 

Preferred silylivmi salt activating cocatalysts are trimethylsilylium 
25 tetrakispentafluorophenylborate, triethylsilylium tetrakispentafluorophenylborate and ether 

substituted adducts thereof. The use of the above silylium salts as activating cocatalysts for addition 
polymerization catalysts is known in the art, having been disclosed in US-A-5,625,087. 

Certain complexes of alcohols, mercaptans, silanols, and oximes with 
tris(pentafluorophenyl)borane are also effective catalyst activators and may be used according to the 
30 present invention. Such cocatalysts are disclosed in US-A-5,296,433. 

Another class of suitable catalyst activators are expanded anionic compounds corresponding 
to the formula: (A*+a')^i(z'jy)-cl ^i, 

wherein: 

A^ is a cation of charge +a^ 
35 Z' is an anion group of from 1 to 50, preferably I to 30 atoms, not counting hydrogen 

atoms, further containing two or more Lewis base sites; 
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independently each occurrence is a Lewis acid coordinated to at least one Lewis base site 
of Z\ and optionally two or more such j' groups may be joined together in a moiety having multiple 
Lewis acidic functionality, 

is a number from 2 to 12 and 
5 a\ b^ c\ and d* are integers from 1 to 3, with the proviso that a' x b* is equal to c' x d*. 

The foregoing cocatalysts (illustrated by those having imidazoHde, substituted imidazolide» 
imidazolinide, substituted imidazolinide, benzimidazolide^ or substituted benzimidazolide anions) 
may be depicted schematically as follows: 




10 

wherein: 

A*"*" is a monovalent cation as previously defined, and preferably is a trihydrocarbyl 
ammonium cation, containing one or two Ckmo alkyl groups, especially the 
methylbis(tetradecyl)ammonium- or methylbis(octadecyl)ammonium- cation, 
15 R*, independently each occurrence, is hydrogen or a halo, hydrocarbyl, halocarbyl, 

halohydrocarbyl, silylhydrocarbyl, or silyl, (including mono-, di- and tri{hydrocarbyl)silyl) group of 
up to 30 atoms not counting hydrogen, preferably C1.20 alkyl, and 

j' is tris(pentafluorophenyl)borane or tris(pentafluorophenyl)aiuminane. 

Examples of these catalyst activators include the trihydrocarbylammonium-, especially, 
20 methylbis(tetradecyl)anmionium- or metbylbis(octadecyl)ammonium- salts of: 
bis(tris(pentafluorophenyl)borane)imidazolide, 

bis(tris(pentafluorophenyl)borane)-2-undecylimidazolide, bis(tris(pentafluorophenyl)borane>2- 

heptadecylimidazolide,bis(tris(pentafluorophenyl)borane)-4,S-bis(undecyl)imidazoIide, 

bis(tris(pentafluorophenyl)borane)-4,5-bis(heptadecyl)imidazolide, 
25 bis(tris(pentafluorophenyl)borane)imidazolinide, 

bis(tris(pentafluorophenyl)borane)-2-undecylimidazolinide, bis(tris(pentafluorophenyl)borane)-2- 

heptadecylimidazolinide,bis(tris(pentafluorophenyI)borane)-4,5-bis(undecyl)imidazolinide, 

bis(tris(pcntafluorophenyl)borane)-4,5-bis(heptadecyl)imidazolinide, 

bis(tris(pentafluorophenyl)borane)-5,6-dimethylben2imida2olide, 
30 bis(tris(pentafluorophenyl)borane)-5,6-bis(undecyl)benzimidazolide, 

bis(tris(pentafluorophenyl)alumane)imida2olide, 
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bis(tris(pentafluorophenyl)a!umane)-2-undecyliinidazolide, bis(tris(pentafluorophenyl)aluinane)-2- 
heptadecylimidazolide, bis(tris(pentafluorophenyl)alumane)-4,5-bis(iindecyI)imidazolide, 
bis(tris(pentafluorophenyl)alurnane)-4,5-bis(heptadecyl)imidazolide, 
bis(tris(pentafluorophenyl)alumane)imidazolinide, 
5 bis(tris(pentafluorophenyl)alumane)-2-undecyliniidazolinide, bis(tris(pentafluorophenyl)alumane)- 
2-heptadecylimidazolinide, bis(tris(pentafluorophenyl)aIumane)-4,S-bis(imdecyl)imidazolinide, 
bis(tris(pentafluorophenyl)alumane)-4,5-bis(heptadecyl)imidazolinide, 
bis(tris(pentafluorophenyl)alumane)*5,6-dimethylbenzimidazoIi^^ and 
bis(tris(pentafluorophenyl)aluinane)-5,6-bis(undecyl)benzimidazolide. 
10 A further class of suitable activating cocatalysts include cationic Group 13 salts 

corresponding to the formula: 

[M"Q*2L'rf (Ar^aM'Q^y 

wherein: 

M** is aluminum, gallium, or indium; 
15 M' is boron or aluminum; 

Q* is C|.2o hydrocarbyl, optionally substituted with one or more groups which independently 
each occurrence are hydrocarbyloxy, hydrocarbylsiloxy, hydrocarbylsilylamino, 
di(hydrocarbylsilyl)amino, hydrocarbylamino, di(hydrocarbyl)amino, di(hydrocarbyl)phosphino, or 
hydrocarbylsulfido groups having from 1 to 20 atoms other than hydrogen, or, optionally, two or 
20 more groups may be covalently linked with each other to form one or more fused rings or ring 
systems; 

is an alkyl group, optionally substituted with one or more cycloalkyl or aryl groups, said 
having from 1 to 30 carbons; 

L' is a monodentate or polydentate Lewis base, preferably L' is reversibly coordinated to 
25 the metal complex such that it may be displaced by an olefin monomer, more preferably L* is a 
monodentate Lewis base; 

r is a number greater than zero indicating the number of Lewis base moieties, L', and 
Ar*^ independently each occurrence is an anionic ligand group; preferably Ar'^is selected 
from the group consisting of halide, C1.20 halohydrocarbyl, and Q' ligand groups, more preferably 
30 At' is a fluorinated hydrocarbyl moiety of from 1 to 30 carbon atoms, most preferably Ar^ is a 

fluorinated aromatic hydrocarbyl moiety of from 6 to 30 carbon atoms, and most highly preferably 
Ar^is a perfluorinated aromatic hydrocarbyl moiety of from 6 to 30 carbon atoms. 

Examples of the foregoing Group 13 metal salts are alumicinium tris(fluoroaryl)borates or 
gallicinium tris(fluoroaryl)borates corresponding to the formula: [M"Q'2L'i ]'^ (A/jBQ^)', wherein 
35 M" is aluminum or gallium; Q' is C1.20 hydrocarbyl, preferably Ci^ alkyl; Ar*^ is perfluoroaryl, 
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preferably pentafluorophenyl; and is Ci^ alkyl, preferably C,^ alkyl. More preferably, Q' and 
are identical Ci^ alkyl groups, most preferably, methyl, ethyl or octyl. 

The foregoing activating cocatalysts may also be used in combination. An especially 
preferred combination is a mixture of a tri(hydrocarbyl)aluminum or tri(hydrocarbyl)borane 
S compound having from 1 to 4 carbons in each hydrocarbyl group or an ammonium borate with an 
oligomeric or polymeric alumoxane compound. 

The molar ratio of catalyst/cocatalyst employed preferably ranges fh)ra 1:10,000 to 100:1, 
more preferably from 1:5000 to 10:1, most preferably from 1:1000 to 1:1. Alumoxane, when used 
by itself as an activating cocatalyst, is employed in large quantity, generally at least 100 times the 

10 quantity of metal complex on a molar basis* Tris(pentafluorophenyl)borane, where used as an 

activating cocatalyst is employed in a molar ratio to the metal complex of fonn 0.5:1 to 10:1, more 
preferably from 1:1 to' 6:1 most preferably from 1:1 to 5:1. The remaining activating cocatalysts are 
generally employed in approximately equimolar quantity with the metal complex. 

The catalysts, whether or not supported in any suitable manner, may be used to polymerize 

1 5 etbylenically imsaturated monomers having from 2 to 100,000 carbon atoms either alone or in 

combination. Preferred addition polymerizable monomers for use herein include olefins, diolefins 
and mixtures thereof. Preferred olefins are aliphatic or aromatic compoimds containing vinylic 
unsaturation as well as cyclic compounds containing ethylenic unsaturation. Examples of the latter 
include cyclobutene, cyclopentene, norbomene, and norbomene derivatives that are substituted in 

20 the 5- and 6-positions with C |.20 hydrocaibyl groups. Preferred diolefins are C^^q diolefin 
compounds, including ethylidene norbomene, 1,4-hexadiene, norbomadiene, and the like. The 
catalysts and processes herein are especially suited for use in preparation of ethylene/ 1-butene, 
ethylene/1 -hexene, ethylene/styrene, ethylene/propylene, ethylene/1 -pentene, ethylene/4-methyl-l- 
pentene and ethylene/ 1-octene copolymers as well as terpolymers of ethylene, propylene and a 

25 nonconjugated diene, such as, for example, EPDM terpolymers. 

Most preferred monomers include the C2.20 a-olefins, especially ethylene, propylene, 
isobutylene, 1-butene, 1 -pentene, 1 -hexene, 3-methyl- 1 -pentene, 4-methyl-l -pentene, 1-octene, 
1-decene, long chain macromolecular a-olefins, and mixtures thereof. Other preferred monomers 
include styrene, Cm alkyl substituted styrene, ethylidenenorbomene, 1,4-hexadiene, 1,7-octadiene, 

30 vinylcyclohexane, 4-vinylcyclohexene, divinylbenzene, and mixtures thereof with ethylene. Long 
chain macromolecular a-olefins are vinyl terminated polymeric remnants formed in situ during 
continuous solution polymerization reactions. Under suitable processing conditions such long chain 
macromolecular units are readily polymerized into the polymer product along with ethylene and 
other short chain olefin monomers to give small quantities of long chain branching in the resulting 

35 polymer. 
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Preferred monomers include a combination of ethylene and one or more comonomers 
selected from monovinyl aromatic monomers, 4-vinyIcyclohexene, vinylcyclohexane, 
norbomadiene, ethylidene-norbomene, Ca-io aliphatic a-olefins (especially propylene, isobutylene, 
Ubutene, 1-hexene, 3-methyl-l-pentene, 4-methyUl-pentene, and 1-octene), and C440 dienes. Most 
5 preferred monomers are mixtures of ethylene and styrene; mixtures of ethylene, propylene and 
styrene; mixtures of ethylene, styrene and a nonconjugated diene, especially ethylidenenorbomene 
or 1,4-hexadiene, and mixtures of ethylene, propylene and a nonconjugated diene, especially 
ethylidenenorbomene or 1,4-hexadiene. 

In general, the polymerization may be accomplished at conditions well known in the prior 

10 art for Ziegler-Natta or Kaminsky-Sinn type polymerization reactions, that is, temperatures from 0- 
2S0''C, preferably 30 to 200^C and pressures from atmospheric to 10,000 atmospheres. Suspension, 
solution, sluny, gas phase, solid state powder polymerization or other process condition may be 
employed if desired. A support, especially silica, alumina, or a polymer (especially 
poly(tetrafluoroethylene) or a polyolefin) may be employed, and desirably is employed when the 

1 S catalysts are used in a gas phase polymerization process. The support is preferably employed in an 
amount to provide a weight ratio of catalyst (based on metal):support from 1 : 1 0^ to 1 : 1 0^, more 
preferably from 1:10* to l:ltf*. 

In most polymerization reactions the molar ratio of cata]yst:polymerizable compounds 
employed is from 1 0 ": 1 to 10 * : 1 , more preferably from 1 0"^: 1 to 1 0"': 1 . 

20 Suitable solvents use for solution polymerization are liquids that are substantially inert 

under process conditions encountered in their usage. Examples include straight and branched-chain 
hydrocarbons such as isobutane, butane, pentane, hexane, heptane, octane, and mixtures thereof; 
cyclic and alicyclic hydrocarbons such as cyclohexane, cycloheptane, methylcyclohexane, 
methylcycloheptanc, and mixtures thereof; perfluorinated hydrocarbons such as perfluorinated C4-10 

25 alkanes, and alkyUsubstituted aromatic compoxmds such as benzene, toluene, xylene, and 
ethylbenzene. Suitable solvents also include liquid olefins which may act as monomers or 
comonomers. 

The catalysts may be utilized in combination with at least one additional homogeneous or 
heterogeneous polymerization catalyst in the same reactor or in separate reactors connected in series 
30 or in parallel to prepare polymer blends havmg desirable properties. An example of such a process 
is disclosed in WO 94/00500. 

The catalysts of the present invention are particularly advantageous for the production of 
ethylene homopolymers and ethylene/a-olefin copolymers having high levels of long chain 
branching. The use of the catalysts of the present invention in continuous polymerization processes, 
35 especially continuous, solution polymerization processes, allows for elevated reactor temperatures 
which favor the fonnation of vinyl terminated polymer chains that may be incorporated into a 
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growing polymer, thereby giving a long chain branch. The use of the present catalyst compositions 
advantageously allows for the economical production of ethylene/a-olefin copolymers having 
processability similar to high pressure, free radical produced low density polyethylene. 

The present catalyst compositions may be advantageously employed to prepare olefin 
polymers having improved processing properties by polymerizing ethylene alone or 
ethylene/a-olefin mixtures with low levels of a "H" branch inducing diene, such as norbomadiene, 
1,7-octadiene, or 1,9-decadiene. The unique combination of elevated reactor temperatures, high 
molecular weight (or low melt indices) at high reactor temperatures and high comonomer reactivity 
advantageously allows for the economical production of polymers having excellent physical 
properties and processability. Preferably such polymers comprise ethylene, a C3.20 ct-olefin and a 

"IT'-branching comonomer. Preferably, such polymers are produced in a solution process, most 
preferably a continuous solution process. 

The catalyst composition may be prepared as a homogeneous catalyst by addition of the 
requisite components to a solvent or diluent in which polymerization will be conducted. The 
catalyst composition may also be prepared and employed as a heterogeneous catalyst by adsorbing, 
depositing or chemically attaching the requisite components on an inorganic or organic particulated 
solid. Examples of such solids include, silica, silica gel, alumina, clays, expanded clays (aerogels), 
aluminosilicates, trialkylaluminum compounds, and organic or inorganic polymeric materials, 
especially polyolefins. In a preferred embodiment, a heterogeneous catalyst is prepared by reacting 
an inorganic compound, preferably a tri(C|.4 alkyl)aluminum compound, with an activating 
cocatalyst, especially an ammonium salt of a hydroxyaryl(trispentafluoro*phenyl)borate, such as an 
ammonium salt of (4-hydroxy-3,5-ditertiarybutylphenyl)tris-(pentafluorophenyl)borate or (4- 
hydroxyphenyl)-tris(pentafluorophenyl)borate. This activating cocatalyst is deposited onto the 
support by coprecipitating, imbibing, spraying, or similar technique, and thereafter removing any 
solvent or diluent. The metal complex is added to the support, also by adsorbing, depositing or 
chemically attaching the same to the support, either subsequently, simultaneously or prior to 
addition of the activating cocatalyst. 

When prepared in heterogeneous or supported form, the catalyst composition is employed in 
a slurry or gas phase polymerization. As a practical limitation, slurry polymerization takes place in 
liquid diluents in which the polymer product is substantially insoluble. Preferably, the diluent for 
slurry polymerization is one or more hydrocarbons with less than 5 carbon atoms. If desired, 
saturated hydrocarbons such as ethane, propane or butane may be used in whole or part as the 
diluent. Likewise, the a-olefin monomer or a mixture of different a-olefin monomers may be used 
in whole or part as the diluent. Most preferably, at least a major part of the diluent comprises the a- 
olefin monomer or monomers to be polymerized. A dispersant, particularly an elastomer, may be 
dissolved in the diluent utilizing techniques known in the art, if desired. 
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At all times, the individual ingredients as well as the recovered catalyst components must be 
protected from oxygen and moisture. Therefore, the catalyst components and catalysts must be 
prepared and recovered in an oxygen and moisture free atmosphere. Preferably, therefore, the 
reactions are performed in the presence of an dry, inert gas, such as, for example, nitrogen. 
5 The polymerization may be carried out as a batchwise or a continuous polymerization 

process. A continuous process is preferred, in which event catalyst, ethylene, comonomer, and 
optionally solvent, are continuously supplied to the reaction zone, and polymer product continuously 
removed therefrom. 

Without limiting in any way the scope of the invention, one means for canying out such a 

10 polymerization process is as follows: In a stirred-tank reactor, the monomers to be polymerized are 
introduced continuously, together with solvent and an optional chain transfer agent. The reactor 
contains a liquid phase composed substantially of monomers, together with any solvent or additional 
diluent and dissolved polymer. If desired, a small amount of a '"H* -branch inducing diene such as 
norbomadiene, 1,7-octadiene or 1,9-decadiene may also be added. Catalyst and cocatalyst are 

IS continuously introduced in the reactor liquid phase. The reactor temperature and pressure may be 
controlled by adjusting the solvent/monomer ratio, the catalyst addition rate, as well as by cooling or 
heating coils, jackets or both. The polymerization rate is controlled by the rate of catalyst addition. 
The ethylene content of the polymer product is determined by the ratio of ethylene to comonomer in 
the reactor, which is controlled by manipulating the respective feed rates of these components to the 

20 reactor. The polymer product molecular weight is controlled, optionally, by controlling other 
polymerization variables such as the temperature, monomer concentration, or by the previously 
mention chain transfer agent, such as a stream of hydrogen introduced to the reactor, as is well 
known in the art. The reactor effluent is contacted with a catalyst kill agent such as water. The 
polymer solution is optionally heated, and the polymer product is recovered by flashing off gaseous 

25 monomers as well as residual solvent or diluent at reduced pressure, and, if necessary, conducting 
further devolatilization in equipment such as a devolatilizing extruder. In a continuous process the 
mean residence time of the catalyst and polymer in the reactor generally is from about 5 minutes to 8 
hours, and preferably from 10 minutes to 6 hours. 

Ethylene homopolymers and ethylene/a-olefin copolymers arc particularly suited for 

30 preparation according to the invention. Generally such polymers have densities from 0.85 to 0.96 
g/ml. Typically the molar ratio of a-olefrn comonomer to ethylene used in the polymerization may 
be varied in order to adjust the density of the resulting polymer. When producing materials with a 
density range of from 0.91 to 0.93 the comonomer to monomer ratio is less than 0.2, preferably less 
than 0.05, even more preferably less than 0.02, and may even be less than 0.01. In the above 

35 polymerization process hydrogen has been found to effectively control the molecular weight of the 
resulting polymer. Typically, the molar ratio of hydrogen to monomer is less than about 0.5, 
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preferably less than 0.2, more preferably less than 0.05, even more preferably less than 0,02 and 

may even be less than 0.0 L 

EXAMPLES 

It is understood that the present invention is operable in the absence of any component 
5 which has not been specifically disclosed. The following examples are provided in order to further 
illustrate the invention and are not to be construed as limiting. Unless stated to the contrary, all parts 
and percentages are expressed on a weight basis. The term "overnight", if used, refers to a time of 
approximately 16-18 hours, "room temperature", if used, refers to a temperature of about 20-25 **C, 
and "mixed alkanes** refers to a mixture of hydrogenated propylene oligomers, mostly C6-C12 
1 0 isoalkanes, available commercially under the trademark Isopar E™ from Exxon Chemicals Inc. 
HRMS refers to high resolution mass spectroscopy. 

All solvents were purified using the technique disclosed by Pangbom et al, 
Oreanometallics , IS, 1SI8-1S20, (1996). All compounds, solutions, and reactions were handled 
under an inert atmosphere (dry box). 'H and "C NMR shifts were referenced to internal solvent 
1 5 resonances and are reported relative to TMS. 

X-ray analysis was performed in the following manner: 

Data Collection: A single crystal of suitable dimensions was inunersed in oil, Paratone N™, 
available from Exxon Chemicals, Inc., and mounted on a thin glass fiber. The crystal was 
transferred to a Bruker SMART PLATFORM diffractometer equipped with a graphite 
20 monochromatic crystal, a MoKa radiation source (X - 0.7 1073 A), and a CCD (charge coupled 
device) area detector. The crystal was bathed in a cold nitrogen stream for the duration of data 
collection (-100** C). 

Program SMART (available from Bruker AXS, Inc., Madison, Wisconsin, USA) was used 
for diffractometer control, frame scans, indexing, orientation matrix calculations, least squares 
25 refinement of cell parameters, crystal faces measurements and the actual data collection. Program 
ASTRO (available from Bruker AXS, Inc., Madison, Wisconsin, USA) was used to set up data 
collection strategy. 

Raw data frames were read by program SAINT (available fi"om Bruker AXS, Inc., Madison, 
Wisconsin, USA) and integrated using 3D profiling algorithms. The resulting data were reduced to 

30 produce hkl reflections and their intensities and estimated standard deviations. The data were 
corrected for Lorentz and polarization effects. Sufficient reflections were collected to represent a 
range of 1.51 to 2.16 redundancy level with an Rsm ^^'"^ percent, at the lowest 29 shell 

of reflections, to 3.0 percent at the highest 29 shell of reflections (55^). Crystal decay correction 
was applied and was less than 1 percent. The unit cell parameters were refined by least squares of 

35 the setting angles of the reflections. 
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Absorption corrections were applied by integration based on indexed measured faces. Data 
preparation was carried out using program XPREP (available from Bruker AXS, Inc., Madison, 
Wisconsin, USA). The structure was solved by direct methods in SHELXTL5. 1 (available from 
Bruker AXS, Inc., Madison, Wisconsin, USA) from which the positions of all of the non-H atoms 
were obtained. The structure was refined, also in SHELXTL5.1, using fulNmatrix least-squares 
refinement. The non-H atoms were refined with anisotropic thermal parameters and all of the H 
atoms were calculated in idealized positions and refined riding on their parent atoms, or were 
obtained from a Difference Fourier and refined without any constraints. A correction for 
secondary extinction was not applied. The final refinement was carried out using rather than F 
values. Ri is calculated to provide a reference to the conventional R value but its function is not 
minimized. Additionally, WR2 is the function that is minimized, and not Rt. 

The linear absorption coefBcient, atomic scattering factors and anomalous-dispersion 
corrections were calculated fix)m values from the International Tables for X-ray Crystallography 
(1974). Vol. IV, p. 55. Birmingham: Kynoch Press (Present distributor, D. Reidel, Dordrecht.). 

Relevant functions: 

R| = I(l|Fol-|Fcll)/Z|Fol 

WR2 = [Z[w(Fo2 - Fc V] / I[wFo22]j 1/2 

Rint. = ZIFo^ - Fo2(mean)|2/ ^[Fo^] 

S = [Z[w(Fo^ - Fc^)^] / (n-p)] where n is the number of reflections and p is the total 
number of parameters refined 

w = l/[a2(Fo2)+(0.0370*p)^-H).31*p], p = [max(Fo2,0)+ 2* Fc^]/3 

Example 1 

Preparation of dicMoro(N-<14HlimethylethyI)-14-dimethyl-l-((l^^^a,7a-Ti)-3-(l> 
dihydriK-2fr-isoiiidol-2-yl)-lH-inden-l-yl)sUanainlnato-(2-)-N-)t^^ 



(CH3)2Si^ ^T^Cfe 
NC(CKy3 

(A) Preparation of 2,3-dihydro-2-(lir-inden-3-yI)-l/Msoindole 1-Indanone (10.0 g, 
75.1 mmol) , isoindolene (12.00 g, 100.7 nmiol) and 150 mL of air free, dry toluene were loaded in 
a 3-necked round bottom flask equipped with a stir bar in the dry box. The stoppered flask was 
removed from the box, equipped with a Dean-Stark trap and refluxed under under N2. GC analysis 
showed major conversion complete within 7 hr (greater than 90 percent). The reaction was allowed 
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to reflux an additional 1 h and the solvent was removed under reduced pressure (to 1mm at 80 **C) 
with a short path still head. High vacuum was applied and the pot heated to 120^C to distill off 
traces of amine and indanone (0.3 mm). 

(CeDe) 5: 7.61 (d, J=7.2 Hz, IH), 7.32 (d, J=7.0 Hz, IH), 6.82-7.25 (m, 6H), 5.01 (t, 
5 J=2.2 Hz, IH), IH), 4.59 (s, 4H), 3. 14 (d, J= 2.3 Hz, 2H) 

*^C{'H} (CeDe) 5: 149.1, 145.9, 141.8, 138.6, 127.1, 126.8, 124.9, 124.5 122.6, 121.1, 
120.2, 100.4, 56.3, 35.8 

HRMS: Calculated. CpHisN: 233.1204, found: 233.1205. 

(B) Preparation of 2^-dlhydro-2-(l/r-inden-3-yl)-l^-isoindole lithium salt 

10 23-Dihydro-2-(l//-inden-3-yl)-l/f-isoindole (2.60 g, 1.15 mmol) was slurried in 70 mL of 

hexane. Toluene (70 mL) was added with stirring to form a solution. n-BuLi (2.5M in hexane, 4.0 
mL, 1.00 mmol) reagent was added over 5 minute period and stirred for 20 minutes as an olive green 
precipitate formed. This solid was decanted from the liquor and washed with 70 mL hexane on a frit 
affording the product as a free flowing olive green powder anion (1 .78 g, 74 percent yield after 

15 vacumn drying). Analysis by 'H and "C spectroscopy indicated the presence of approximately 0.33 
equivalents of hexane solvate per formula weight. 

'H (THF Dg) 5: 7.48 (d, J=7.2 Hz, IH), 7.12-7.28 (m, 5H), 6.34 (m, 2H), 6.25 (d, J=3.3 Hz, 
IH), 5.59 (d, J=3.4 Hz, IH), 4.57 (s, 4H) 

'^C{'H} (THFD8)8: 142.4, 128.0, 126.8, 123.4, 122.6, 120.4, 119.7, 118.4, 113.3, 111.8, 

20 104.4, 83.9, 60.0 (hexane at 32.5, 23.5, 14.4). 

(C) I3-(13-dihydro-2tf-l5oindol-2-yl)*ltf-inden-l-yl]-^^ 
sllanamine 




^^t-Bu 

2,3-Dihydro-2-(l/f-inden-3-yl)-l//-isoindole lithium salt (1.64g, 6.86 mmol) was dissolved 
25 in 1 0 mL of THF and this solution was added dropwise to N-(rerf-butyl)-N-( 1 -chloro- 1,1- 

dimethylsilyl)amine reagent (1.47g, 8.91 mmol, 1.3 eq) in 40 mL of THF. The reaction was allowed 
to stir for several hours, and THF and excess electrophile were removed under reduced pressure. 
The crude oil was extracted into hexane and filtered through a medium porosity frit. Solvent was 

-73- 



wo 01/42315 PCTAJSOO/31645 

removed under reduced pressure to give the desired product as an emerald green oil (2.40g, 6.79 
mmol, 96,5 percent). 

»H (C6D6) 5: 8.10 (m, 2H), 7.66 (m, IH), 7.48 (m, IH), 6.90-7.10 (m, 5H), 5.37(s,lH), 3.34 
(s, 4H), 0.56 (s, 9H), -0.21 (s, 6H). 
5 '^C{'H} (C6D6) 5: 147.9, 147.2, 140.7, 139.0, 127.1, 124.8, 124.0, 122.6, 121.0, 104.8, 56.7, 

49.5, 43.8, 34.0, 0.44, -0.98; APCI/LC/MS using toluene eluent at atmospheric pressure for positive 
ion, m/e (percent ion) 363.1 Parent M^lT, 100 percent), 233.9 (25 percent); negative ion: 361.0, NT 
(100 percent), 231.8 (50 percent). 

(D) [3-(l^-d^hyd^>-2i/4soindol-2-y])-l/^inden-l.ylI-^^14-dlmethyleth^ 
10 silanamine, dilithium salt 




LiW— t-Bu 

To a 110 mL bexane solution containing 9.357 g (25.81 mmol) of [3-(l,3-dihydro-2/f- 
isomdoI-2-yl)-l/f-inden-l-yl]-A^(l,l-dimethylethyl)dimethyl- silanamine was added 33.9 mL of 1.6 
M /j-BuLi solution within 5 min. During addition of the it-BuLi, a yellow precipitate appeared. 

15 After stirring overnight, the precipitate was collected on the frit, washed with 3 x 25 mL of hexane 
and dried under reduced pressure to give 8.85 g of product as a yellow powder. Yield 91,6 percent. 

(E) Preparation of dIchloro(N-(l,l.dimethylethyl).l,l-dimethyH.((l^^^a,7a-T|)-3- 
(13-dihydro>2/r-isoindol-2-yl)-lH-inden-l-yl)silanaminato-(2-)-N-)titanlum In the drybox 8.43 
g (22.7 mmol) of TiCl3(THF)3 was suspended in 150 mL of THF. To this solution 8.51 g (22,7 

20 mmo0ofN-(/er^butyl)-N-(l,l-dimethyl)-l-(l,3-dibydrO'2//-isoindol-2-yI)-lH-indOT^^ 

dilithium salt dissolved in 100 mL of THF was added within 5 min. The solution was then stirred 
for 2 h. After this time 4.1 1 g of PbCh (14.8 mmol) was added and the solution was stirred for 2h. 
The THF was then removed under reduced pressure. Half of the remaining residue was transferred 
to a thimble and it was extracted with 130 mL of methylene chloride using continuous extraction 

25 outside the drybox (9 hr). The second half of the residue was extracted in substantially the same 
manner. Solvent was removed under reduced pressure and 80 mL of hexane was added to tritiu-ate 
the residue. Black-green solid was collected on the frit, washed with 2 x 50 mL of hexane and dried 
under reduced pressure to give 7.92 g of product. Yield was 72.7 percent. 
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'H (THF-ds) 6: 0.71 (s, 3H). 0.81 (s, 3H), 1.31 (s, 9H), 5.09 (d, 2H, Vh-h = 13.2 Hz). 5.48 
(d, 2H, Vh-h = 13.2 Hz), 5.90 (s, IH), 7.18-7.42 (m. 6H), 7.66 (d, IH, Vr-h = 8.4 Hz), 8.13 (d, IH, 
Vt,.H = 8.7Hz). 

Example 2 Preparation of (N-(l,l-dimethylethyl)-l,l-diinethyM-((l,2,3,3a,78-Ti>-3- 
5 (13-dihydro-2ff-boindol-2-yl)-lH-inden-l-yl)sUaiiaiidnatoK2-^^^ 




In the drybox 0.4 g of the dicWoro(N-(l,lKiimethylethyl).l,l-dimethyl-l-((i;2,3,3a,7a-Ti)-3- 
(l,3-dihydro-2/f-isoindol-2-yl)-lH-inden-l-yl)silanaminato-(2-)-N0titaniiim (1.1 mmol) was 
dissolved in 35 mL of Et20. To this solution 1.45 mL (2.32 mmol) of MeLi (1.6 M in ether) was 

10 added dropwise while stirring over a 2 minute period. After the addition of MeLi was completed, 
the solution was stirred for 30 minutes. Et20 was removed under reduced pressure and the residue 
extracted with hexane/toluene mixture (1/1) (2 x 20 ml), the solution filtered, and the filtrate 
evaporated to dryness under reduced pressure to give 0.268 g of crystalline dark red solid. Yield 
was 75.5 percent. The smgle crystal X-ray structure (ORTEP) of the complex was obtained and is 

15 reproduced as Figure 1 attached hereto. 

'H (CfiDft) 5: 0.08 (s. 3H), 0.54 (s, 3H), 0.67 (s, 3H), 0.73 (s, 3H), 1.50 (s, 9H), 4.62 (d, 2H, 
Vh.h= 11.7 Hz), 5.48 (d,2H,VH.H= 11.7 Hz), 5.46 (s, 1H), 6.91 (t, IH, Vh-h = 7.5 Hz), 6.98-7.13 
(m, 5H), 7.52 (dd, IH, 'Jh-h = 9.0 Hz, Vh-h = 1.2 Hz), 7.75 (dd, IH, Vh-h = 8.7, Hz, Vh-h = 0.9 Hz). 
'^C{'H} (CfiDfi) 5: 2.37, 4.47, 34.65, 49.83, 54.54, 56.66, 58.01, 84.47, 104.34, 122.68. 124.10, 

20 124.16, 125,11, 125.48, 127.36, 128.30, 133.42, 137.80, 142.99. "C (C6D6)5: 49.83 (q, Vc.h = 
119.0Hz), 54.54 (q, Vc.h= 119.8 Hz). 
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Example 3 Preparation of dicliloro(N-(14-diinethyIethyl>-l,l-diphenyl-l-((l,2^;3a,7a- 
n)-3Kl,3-dihydro-2fl^isoindol-2-yl>-lH-mden-l-yl)sUanaiiiinato^ 



dimethylethyl)diphenyl-si]anamine 

To a L73 g (5.98 mmol) of N-(tert-butyl)-N-(l-chloro-l,l-diphenyl)silylamine dissolved in 
25 mL of THF was added 1.432 g (5.98 mmol) of l-(lH-3-indenyl)-l-(2,3.dihydro.lH-isoindolinyl) 
lithium salt dissolved in 25 mL of THF. After the reaction mixture was stirred ovemight the solvent 
was removed under reduced pressure. The residue was extracted with 40 mL of hexane and filtered. 
Solvent was removed under reduced pressure giving 3.062 of impure product as yellow-green 



'H(C6D6)8: 1.07 (s, 9H), 1.19(s, 1H), 5.09(d, IH, Vh-h = 1.8 Hz), 4.36 (d, 2H, Vh,h= 11.4 
Hz), 5.55 (d, 2H, V„.„ =11.1 Hz), 5.49 (d, IH, Vh-h = 2.4 Hz), 6.93-7.24 (m, 12H), 7.5-7.6 (m, 4H), 
7.70 (m,2H). 

"C{'H} (C6D6) 6: 33.69, 40.78, 50.03, 56.48. 103.88, 120.97, 122.50, 123.89, 124.66. 
124.90, 127.00, 127.35, 127.63, 129.44, 129.48, 135.75, 135.86, 136.22, 137.00, 138.84, 141.17, 
146.15, 148.54. 

(B) Preparation of [3-(l^lhydro-2^-isoindol-2-yl)-LH^inden-l-yl]-iV-(l,l- 
dimethylethyl)diphenyi-silananiine, dilithium salt 

To a 50 mL hexane and 10 mL toluene solution containing 3.062 g (6.3 mmol) of the N- 
(^er^buty!)-NK14-<iiphenyl)-l-(3-(l,3-dihyd^o-2W^isoindol-2-yl)-lH^ 
added 8 mL of 1.6 M n-BuLi solution. The ligand was only partly soluble in hexane. During 
addition of the n-BuLi, a yellow precipitate appeared. After stirring ovemight, the precipitate was 
collected on a fnt, washed with 2 x 25 mL of hexane and dried under reduced pressure to give 2.50 g 
of product as yellow powder. Yield was 79.8 percent. 

'H (THF-dg) 5: 1.21 (s, 9H), 4.51 (4H), 6.17 (s, IH), 6.48 (m, 2H), 7.07-7.27 (m, lOH), 7.51 
(d, IH, V„,H = 7.8 Hz), 7.94 (m, 4H), 8. 10 (d, IH, Vh-h = 7.2 Hz). 

*^C{'H} (THF-dg) 5: 38,83, 52.41,59.78,94.90, 112.62, 113.90, 116.25, 118.10, 121.69, 
122.55, 124.36, 124,77. 126.02, 126.37. 126.91. 133.38, 137.22, 141.99, 151.82. 




(A) Preparation of [3-(i;3-dihydro-2A^isoindoi.2-yl)-lH^inden-l-yl]-JV-(l,l- 



residue. 
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(C) Preparation of dichloro(N-(14Hlimethylethyl)-14-diphenyl-l-((i;S^^a,7a-n)-3- 
(l,3^hydnK2i74sotndol-2-yl>lH-indeii-l-yl)silanaininato^ 

In the diybox 1.862 g (5.02 mmol) of TiCbCTHF) 3 was suspended in 20 mL of THF. To 
this solution 2.505 g (5.02 mmol) of [3-(l,3-dihydro-2^-isoindol-2-yl)-l//-inden-l-yl].iNr-(l,l- 
5 dimethylethyl)diphenyl-silanamine, dilithium salt dissolved in 30 mL of THF was added within 1 
min. The solution was then stirred for 45 min. After this time 0.91 g of PbCl2 (3.3 mmol) was added 
and the solution was stirred for 45 min. The THF was then removed under reduced pressure. The 
residue was first extracted with 4 x 30 mL of methylene chloride and filtered. Solvent was removed 
under reduced pressure leaving a black solid. The residue left of the ftit was extracted with an 

10 additional 100 mL of methylene chloride. The solvent was removed under reduced pressure. The 
solids obtained from both extractions were combined and 30 mL of hexane was added. After 
stirring for 1 hour, the solid was collected on a frit, washed with 30 mL of hexane and dried under 
reduced pressure to give 1.95 g of the desired product as a deep purple solid. Yield was 64.2 
percent. The single crystal X-ray structure (ORTEP) of the complex was obtained and is reproduced 

1 5 as Figure 2 attached hereto. 

*H (CeD*) 5: 1.36 (s. 9H), 1.74 (m, 4H), 5.06 (d, 2H, %jh = 13.4 Hz), 5.47 (d, 2H, V„.„ = 
12.9 Hz). 5.94 (s. lH),6.87(d, IH, Vh.h = 9.0 Hz), 7.00 (t, 1H,Vh,h = 7.7 Hz), 7.1-7.36 (m, 6H), 
7.4-7.6 (m, 6H), 7.89 (m, 3H), 8.13 (d, IH, Vh-h = 8.4 Hz). 

Example 4 Preparation of (N-(l,l-dimethylethyl)-14-diphenyl-l-((i;t^^a,7a-Ti)-3- 

20 (13-dihydn>-2^-lsoindo]-2-yi>-lH-inden-l-y0sUanaiidnato-(2->-N-)dto 

In the dryboxP.46 g of dichIoro(N-(l,lKiimethylethyl)-l,l-diphenyl-l-((l A3;3a,7a.r|>3- 
(l,3-dihydro-2//-isoindol-2-yl)-lH-inden-l-yl)silanaminato-(2-)-N-)titaniim) (0.76 mmol) was 
dissolved in 35 mL of diethyl ether. To this solution 1.1 mL (1.75 mmol) of MeLi (1.6 M in ether) 
was added dropwise while stirring over a 2 minute period. After the addition of MeLi was 

25 completed, the solution was stirred for 50 minutes. Then the ether was removed under reduced 
pressure and the residue extracted with a mixture of 30 mL of toluene and the solution filtered, the 
filtrate evaporated to dryness under reduced pressure. Hexane was added (40 mL) and the mixture 
was stirred for 1 hour. A red solid was collected on the fiit, washed with hexane and dried under 
reduced pressure to give a first fraction comprising 2 10 mg of product. Solvent was removed from 

30 the filtrate to give 1 15 mg of a second fraction of the product. Total yield was 78.1 percent. The 
first fraction was dissolved in 3 mL of toluene followed by addition of 15 mL more toluene. The 
solution was filtered and put into a freezer (-27'*C) overnight. The solvent was decanted and the 
resulting red crystals were washed with hexane and dried under reduced pressure to give 80 mg of 
the desired product. The single crystal X-ray structure (ORTEP) of the complex was obtained and is 

35 reproduced as Figure 2 attached hereto. 
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'H (CsDfi) 5: 0.26 (s, 3H, H13), 0.98 (s, 3H. H12), 1.68 (s, 9H, HI 1), 4.52 (d. 2H, Vh.h = 
1 1.7 Hz. H14), 4.82 (d, 2H, V„.h= 12.0 Hz, H14), 5.65 (s, IH, H2), 6,70 (t, IH. V„.„= 7.8 Hz, C6). 
6.92 (dd, 2H, Vh.h= 5.4 Hz, V„.h= 3.3 Hz, H15), 6.99 (t, IH, V„.„= 7.7 Hz, H5), 7.08 (dd, 2H, Vh- 
H = 5.5 Hz, Vh-h= 3.0 Hz, H15), 7.19 (d. IH, Vh.h= 8.7 Hz, H7), 7.22-7.32 (m, 6H, H19, H20, H23, 
5 H24), 7.70 (d. IH. Vh.h= 8.7 Hz. H4). 7.99 (dd. 2H. Vh.h= 8.1 Hz, Vhji= 1.2 Hz. H18). 8.15 (m, 
2H, H22). 

"C{'H} (CfiDs) 5: 35.23 (Cll), 51.21 (C12), 56.32 (C13), 56.61 (C14), 57.54 (CIO), 83.15 
(CI), 105.39 (C2), 122.69 (C15), 124.47 (quat).. 124.62 (C5), 125.18 (C6), 125.36 (C4), 127.35 
(C16), 128.22, 128.35, 128.82 (C7), 130.00, 130.13, 133.49 (quat.). 136.31 (C19), 136.67 (C22), 
10 137.45 (quat.), 137.61 (quat.), 137.95 (quat.), 143.93 (quat.). 

"C(C6D6)5:51.21 (q, 118.9 Hz. C12), 56.32 (q, 'yc.H= 119.9 Hz,C13). 

Examples Preparation of dichloro(N-(l,l-dimethylethyl)-l,l-di(p-tolyl)-l-((l,23, 
3a,7a-ii>3-(i;3-dihydro-2fr-isoindol-2-yl)-lH-indeii-l-yl)sUanaininato-<2-)-N-)-tItaiiium 




15 (A) Preparation of N-(/err-butyl>N-<l,l-/'-tolyl>-l-(3-(1.3-diliydro-2tf-isoindoI-2-yi> 

lH-indenyl)siIyl)ainine 




To a 1.70 g (5.35 mmol) of N-(tert-butyl)-N-(l-chIoto-l.l-di(3-/>-tolyI)silylanjine dissolved 
in 20 mL of THF was added 1.279 g (5.35 mmol) of l-(lH-3-indenyl).l-(2,3-diliydro-lH- 
20 isoindolinyl) lithium salt dissolved in 20 mL of THF. After the reaction mixture was stirred for 9 h 
and then solvent was removed under reduced pressure. The residue was extracted with 40 mL of 
bexane and filtered. Solvent was removed under reduced pressure giving 2.806 of product as a. gray 
solid. Yield 101.9 percent. 
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*H (CeDfi) 6: 1.10 (s, 9H), 2.01 (s, 3H), 2.08 (s, 3H), 4.12 (d, IH, Vh.h= 15 Hz), 4.39 (d, 
1H,Vh.h= H I Hz), 4.57 (d, IH, Vh.h= 11.7 Hz), 5.55 (d, IH, V„.h = 2.1 Hz), 6.9-7.22 (m, lOH), 
7.56 (d, IH, Vh.h= 7.8 Hz), 7.62 (d, IH. Vh.h = 6.9 Hz), 7.67 (d, IH, Vh.h= 7.8 Hz), 7.83 (d, IH, 
Vh.h = 7.8Hz). 

5 '^C{'H} (C6D6) 5: 21.37, 21.43, 33.78,41.09, 50.05, 56.56, 104,28, 120.98, 122.46, 123.84, 

124.71, 124.84, 126.98. 128.29, 128.52, 129.05, 132.99, 133.68, 135.08, 135.90, 136.01, 138.89, 
139.05, 139.09, 141.27, 146.39, 148.48. 

(B) Preparation of N-(/eft-butyI)-NK14v^tolyl>l-(l>dihydro-2tf-isoindol-2-yl)-lH- 
lndenyl)silyl)aiiiine, dilithinm salt 

10 To a 50 mL hexane solution containing 2.726 g (5,61 mmol) of the N-{rerr-butyl)-N-(l,l-/>- 

tolyl)-l-(3-(l,3-dihydro-2//'-isoindol-2-yl)-lH-indenyl)silyl)aniine was added 7.4 mL of 1.6 M n- 
BuLi solution. During addition of the n-BuLi, a yellow precipitate appeared. After stirring for 6 h, 
the yellow precipitate was collected on a frit, washed with 2 x 25 mL of hexane, and dried under 
reduced pressure to give 2.262 g of the product as a yellow powder. Yield was 76.6 percent. 

15 'H (CfiDfi) 5: 1.17 (s, 9H), 2.30 (s, 6H), 4.51 (s, 4H), 6.21 (s, IH), 6.47 (m, 2H), 6.97 (d, 4H, 

Vh.h= 8.1 Hz). 7.15 (m, 2H), 7.23 (m, 2H). 7.50 (m, IH), 7.81 (d, 4H, Vh^ = 7.8 Hz), 8.07 (d, IH, 
Vh.h= 7.2 Hz). "C{*H} (C6D6) 5: 21.65, 38.83, 52.46, 59.82, 95.33, 1 12.93, 1 14.15, 1 15.78, 
118.29, 122.05, 122.60, 124.16, 124.78, 126.94, 127.30, 133.06, 134.75, 137.30, 141.98, 148.17. 

(C) Preparation of dichloro(N-(l,l-dlmethylethyi)-14-di-/i-tolyl-l-((i;2^,3a,7a-Ti)-3- 
20 (l,3Hlihydro-2^-isoindol-2-yl>-lH-^nden-l-y0silanaminato-(2-)-^^ 

In the drybox 1.552 g (4.19 mmol) of TiCl3(THF)3 was suspended in 20 mL of THF. To 
this solution, 2.206 g (4.19 mmol) of NK/er^butyl)-N-(l,l-/^.tolyl)-l-(13-dihydro-2//-isoindo^2- 
yl)-lH-indenyl)siiyl)amine, dilithium salt dissolved in 30 mL of THF was added within 1 min. The 
solution was then stirred for 60 mtn. After this time, 0.76 g of PbCb (2.75 nunol) was added and the 

25 solution was stirred for 60 min. The THF was then removed under reduced pressure. The residue 
was first extracted with 60 mL of methylene chloride and filtered. Solvent was removed under 
reduced pressure leaving a black crystaUine solid. Hexane was added (30 mL) and the black 
suspension was stirred for 10 hour. The solids were collected on a fiit, washed with 30 mL of 
hexane and dried under reduced pressure to give 2.23 g of the desired product as a deep purple solid. 

30 Yield was 88.2 percent. 

'H (THF-ds) 5: 1.40 (s, 9H), 2.46 (s, 3H), 2.48 (s, 3H), 5.07 (d, 2H, Vh-h= 12.3 Hz), 5.45 (d, 
2H,Vh.h= 12.6 Hz), 5.93 (s, 1H),6.95 (d, IH, V„.h = 9.0 Hz), 7.08 (d, IH, Vh.h=7.8 Hz), 7.15-7.4 
(m, 9H), 7.76 (d, IH, Vh.h= 7.8 Hz), 7.82 (d, IH, Vh-h= 7.5 Hz), 8.05 (d, IH, Vh-h= 8.7 Hz). 
''C{^H} (THF-dg) 5: 21.71, 21.76, 33.38, 56.87, 61.41, 94.5, 107.95, 122,86, 125.77, 126.68, 

35 127.84, 127.92, 128.40, 128.49, 129.36, 129.79, 131.23, 131.29, 135.79, 136.43, 136.73, 141.02, 
141.22, 150.14. 
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Example 6 Freparatfon of(N-(l,l-dlmetfaylethyl)-l,l-dl^tolyI-l-((l92^«3a,7a-T))-3- 
(l,3-dihydro-2i/-isoindol<2-yl)-lH-lnden-l-yl)silana^^ 




In the drybox 0.50 g of dicWoro(N-(l,l-dimethylethyl>14-di-/^tolyl-l-((l A33aja-^^^ 
5 ( 1 ,3-dihydro-2^-isoindol-2-yl)- 1 H-inden- 1 -yl)silanaminato-(2-)-N-)titanium complex (0.79 mmol) 
was dissolved in 30 mL of diethyl ether To this solution, 1.14 mL (1.6 mmol) of MeLi (1.6M in 
ether) was added dropwise while stirring over a 1 minute period. After the addition of MeLi was 
completed, the solution was stirred for 1 .5 hour. Diethyl ether was removed under reduced pressure 
and the residue extracted with 45 mL of hexane. Hexane was removed under reduced pressure 

10 giving a red crystalline material. This solid was dissolved in about 7 mL of toluene and 25 mL of 
hexane, filtered, and the solution was put into the freezer (-27 ^C) for 2 days. The solvent was then 
decanted and the resulting crystals were washed with cold hexane and dried imder reduced pressure 
to give 156 mg of product Yield was 33.3 percent 

(CfiDfi) S: 0.25 (s, 3H), 0.99 (3H), 1.72 (s, 9H). 2.12 (s, 3H), 2.15 (s, 3H), 4.53 (d, 2H, 

15 Wh= 1 1.7 Hz), 4.83 (d. 2H, = HJ Hz), 5.68 (s, IH). 6.72 (dd, IH, Vh.h= 8.6 Hz, , Vh.h= 6.6 
Hz), 6.9-7.2 (m, IIH), 7.30 (d, IH, Vh.h= 8.6Hz).7.71 (d, IH. Vh.h= 8.5 Hz), 7.93 (d, IH, Vh4i= 
7.8 Hz), 8.1 1 (d, IH, Vh.h= 7.8 Hz). "C{'H} (C^^) 5: 21.45, 21.52, 35.30, 50,83, 56.03, 56.66, 
57.65, 83.80, 105.64, 122.69, 124.51, 124.56, 125.06, 125.35, 127.33, 128.98, 129.06, 129.22, 
133.51, 134.02, 134.62, 136.49, 136.84, 137.69. 139.72, 139.87, 143.84. 

20 Example 7 diclitoro(N-(14-dimethylethyl)-14-dimethyl-l-((l,2^^a,7a-T^^ 

dihydn>-2(l£>.lsoqidnollnyl)-lH-inden-l-yl)silana]iite 




(A) Preparation of l,2^,4-tetrahydn>-2-(USMnden-3-yl)-isoquInoline 
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Tetrahydioisoquinoliiie (Aldrich Chemical, IS.Og, 135.1 mmol), l-indanone (10.0 g, 75.1 
mmol) and P2O5 (2.30g» 16.1 nunol) in 150 mL of toluene were stiired under nitrogen and refluxed 
for 10 h with water removal via a Dean Staik apparatus. Upon cooling a large amount of fine white 

5 powder precipitated (as amine phosphate salts). The dark green solution was filtered under N2 

through a medium porosity frit and assayed by NMR after tolune removal (about 85:15 mole ratio of 
product to ketone). Solvent was evaporated and indanone/amine (about 3.0 g) was removed in 
vacuo (90-160 at 0.5 mm Hg, 76 Pa). The process was stopped and the crude enamine residue 
recovered imder inert atmosphere, giving 18.0 g of dark red-green oil, 95 percent yield. The crude 

10 product was analyzed by and NMR and showed less than 2 percent mole ketone. 



(C6D6) 5: 7,50 (d, J=7.2 Hz, IH), 7.29 (d, J=7.0 Hz, IH), 6.85-7.20 (m, 6H), 5.36 (t, 
J=2.3 Hz), IH), 4. 1 1 (s, 2H). 3.20 (t, J= 5.9 Hz, 2H), 3. 14 (d, J= 2.3 Hz, 2H) 2.74 (t, J= 5.9 Hz, 2H). 

"C{'H} (C6D6)6: 153.2 (q). 144.8(q), 142.1(q), 135.1(q), 134.8(q), 129.1, 126.8, 126.4, 
126.2, 126.1, 125.2, 124.4, 120.2, 109.1, 53,5, 48.7, 35.9, 29.5 



Crude l,2,3,4-tetrahydro-2-(l/r-inden-3-yl)-isoquinoline (15.0g, 60.6 mmol) was dissolved 
in 80 mL toluene and 150 mL hexane was added with stinring (emerald green solution). 38 mL of 

20 1 .6 M R-BuLi was added dropwise over IS min and the solution became dark red. WithinlO min a 
brick red precipitation formed and the stir bar stopped within 1 5 min as the flocculent solid went to 
gum. After standing for 1 hr, the orange solvent was decanted and the gum was triturated with 100 
mL of hexane to a fine tan powder which was easily filtered and washed with hexane (60 ml) to give 
12.5 g of vacuum dried material. A second crop of orange powder was obtained fi-om the liquid, 

25 washed with 20 mL of hexane, and combined with the first crop to give a total of 13.65 g lithium 



15 



HRMS: Calculated C18H17N: 247.1361, found: 247.1334. 

(B) Preparation of l^,4-tetnihydro-2-(lH'-Inden-3-yl)-isoqumoline lithium salt 
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salt after vacuum drying (89 percent yield). The estimated purity of starting enamtne was about 90 
percent. 

'H (THF Dg) 5: 7.34 (m. IH). 7.22 (m, IH), 6.99-7.14 (m, 4H), 6.34-6.44 (m. 3H), 5,585 (d, 
J=3.4 Hz, IH), 4.16 (s, 2H), 3.29 (t, J=5.8Hz, 2H). 3.01(1, J=5.8Hz, 2H) 
5 "C{'H APT} OHF Dg) 5: 138.5 (q), I36.1(q), 129.3. 127.7(q), 126.9, 126.0, 125.8. 

125,4(q), 1 19.6, 1 173, 1 13.7. 1 12.2. 105.8. 84.0, 57.9 (CH2), 53.7(CH2). 31.5 (CH2). 

(Q PrepanitionofNKl^ft-btttyI)-NKl,l*Hlimethyl-H3K3>^ 
isoquinolfaiyl)-lH-taidenyl)silyl)aiiiiiie 




10 A solution of l,23,4-tetrahydro-2-(l/r-iiKiea-3-yl)-i$oquinoline lithium salt (4.0 g. 15.8 

mmol) in 80 mL of THF was added within 10 min. to a 60 mL THF solution N-(ter^-butyl)-N-(l- 
chloro-l,l-dimethylsilyI)ainine (2.6 g, 15.8 mmol). After the addition was complete the reaction 
mixture was stirred overnight. The solvent was then removed under reduced pressure. The residue 
was extracted with hexane and the solution filtered. The solvent was then removed under reduced 

15 pressure leaving 5.85 g of product. Yield was 99 percent. 

^H (CDCI3) 5 .0.5 (s. 3H), 0.0 (s, 3H), 1.2 (s, 9H). 3.05 (m, 2H), 3.4 (m. 2H), 3.4 (m, IH, 
benzylic), 4.25(m, 2H), 5.8 (s, IH), 7.2 (m, 6H), 7.5 (m, 2H) 

*^C{'H}(CDCl3) 5: -1.1, -0.1, 29.2, 33.9, 44.0, 49.3, 49.5, 53.7, 1 13.1, 119.4, 123.5, 123.8, 
124,2, 125.7, 126.1, 126.5, 128.9, 134.4, 134.8, 140.4, 145.8, 150,6. 

20 (D) Preparation of N-(teft-butyl)-N-(14-dimetliyl-l-(3-(2-(3,4-dihydro-2(l^- 

isoquinolinyl>-lH-indenyl)siIyl)aniine, dilithium salt 

In the drybox 5.85 g (15.5 mmol) of N-(/ert.butyl).N-( 1,1 -dimethyl- l-(3-(2-(3,4-dihydro. 
2(l^isoquinolinyl)-lH-indenyl)silyl)amine was combined with 150 mL of hexane. To this 
solution 19.5 mL (31.2 mmol) of n-BuLi (1.6 M) was added dropwise in about 10 minutes. Upon 

25 complete addition of the ii-BuLi the solution was stirred overnight. The resulting precipitate was 
collected via filtration, washed with 50 mL hexane and dried under reduced pressure to give 5. 1 g of 
an off-orange powder. Yield was 85 percent 
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(E) Preparatton of dicUonKNH14-dImethylethyl)-14.dimethyl-H(l»2^ 
(3,4-dihydro-2(lJSO-isoqiiInolinyI).lH-indeii-l-^^^^ 

NK^^-butyl>N<14Hlimethyl-K3<3,4-dfliydro- 
mdenyl)silyl)ainme, diliihium salt (10.0 g. 25.74 mmol) was dissolved in 120 mL of THF. This 
5 solution was added to a TiCl3(THF)3 (9.54 25.74 mmol) suspension in 200 mL of THF. After Ih, 
PbCls (4.65 g, 16.7 mmol) was added as a solid. The reaction mixture was then stirred an additional 
hour. The solvent was removed under reduced pressure. The residue was extracted with 100 mL of 
toluene, 1 50 mL of hexane were added and finally the mixture was filtered. The residue was 
washed with 3 x 60 mL of a toluene-hexane = 1/3 mixture. The residue was dried in vacuo to give 
10 5.0 g of fine black powder. The mother liquors from the filtration were placed in the freezer and a 
second crop of 3.75 g was collected. Yield was 71 percent. 

(CeDs) 5: 0;5 (s, 3H), 0.6 (s, 3H), 1.4 (s, 9H), 2.6 (m, 2H), [3.6 ( m, IH), 3.8 ( m, IH)], 
[4.2 (d, IH), 4.9 (d, IH)]. 6.0 (s, IH), 6.7 (d, IH), 6,9 (d, IH), 7.0 (m, 4H), 7.6 (dd, 2H) 

*^C{*H}(C6D6) 5: 1.2, 3.8, 29,6, 32.7, 48.7, 51.8. 61.4. 92.7. 1 10.8, 125.4. 126.3. 126.7. 
15 126.8, 128.5. 129.3. 133.7, 135.0, 135.4, 150.3. 

Example 8 Preparation of (N-(l,l-dimethylethyi)*l.l*dimethyl-l-((1.23^a,7a-Ti)*3- 
(3,4-dmydro-2(liO-isoquinoUnyl)-lH-inden-l-yl)snanamlnatoK2->-N-^ 




Dichloro(NKl.l-dimetbylethyl)-l,l-dimediyl-l-((l,233a.7a*Ti>3*(2-(l^ 
isoquinoline))-lH-inden-l-yl)silanaminato^2-)-N-)-titanium (10.6 g. 21.5 mmol) were dissolved in 
500 mL of ether. Then 28.2 mL (45.1 mmol) of MeLi (1.6 M. ether) were added in a period of five 
minutes. The temperature of the mixture increased from 25 X to 28 and the mixture changed 
from deep purple to deep brownish-red, and was sdired for one hour. The volatiles were then 
removed in vacuo and the residue was extracted with hexane (3 x 100 mL) and filtered through a 
diatomaceous earth bed. The filtrate was dried under reduced pressure, re-dissolved in 250 mL of 
hexane and filtered, leaving 1 g of dark residue. The solution was allowed to stand overnight in the 
freezer. Crystals woe formed and the solution was decanted, the crystals were washed with cold 
hexane to give a mass of orange red crystals (4.9g). A second crop of 0.95 g of good quality 
material was also obtained. Yield was 4.9 g + 0.95 g = 5.85 g (60 percent). 
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'H (CftDft) 5 0.0 (s, 3H). 0.5 (s, 3H). 0.7 (s, 3H), 0.9 (s, 3H), 1.5 (s. 9H), 2.6(in. IH), 2.8(m, 
IH), 3.4 (m, IH), 3.6 (m, IH), 4.4 (dd 2H), 5.9 (s, IH), 6.8 (m, IH), 6.9 (m, IH), 7.1 (m, IH), 
7.5 (d, IH), 7.7 (d. IH). "Cf'HXCeDe) 5: 2.1. 4.5, 29.9. 34.5, 49.0, 51.7, 53.0. 55.1, 58.2, 84.9, 
108.8. 124.6, 124.8, 125.2, 126,0. 126.2. 126.6. 126.7, 129.0, 133.2, 134.5, 134.9, 144.9. 
5 Example 9 Preparatfon of dicUoro(NK14-dimefhylethyl)-14-diphenyl-l-((l A3»3a,7a- 

it>-3-(3,4-dihydro-2(UI>-isoqulnolinyI)-lH-indeii-l^^ 




(A) Preparatfon of NKrM-bntyl>-NK14-dlpheDyM-<M3,4Hliliydiu-2( 
isoqulnolinyl)-lH-lndenyl)silyl)aiiiine 



10 




A solution of l-(lH*3-ii)denyl)-3-(3,4-dihydro-2(l/0-isoquinolinyl) lithium salt (1.0 g, 3.95 
mmol) in 20 mL of THF was added within 10 min. to a 20 mL THF solution N-0£rr-butyl)-N-(l- 
chloro-l,l-diphenylsilyl)amtne (1.14 g, 3.95 mmol). After the addition was complete the reaction 
mixture was stirred overnight The solvent was then removed under reduced pressure. The residue 
15 was extracted with hexane and the solution filtered through diatomaceous earth. The solvent was 
then removed under reduced pressure leaving 1.75 g of product. Yield was 86 percent. 

(B) Preparation of N-(teit-biityl)-N-(14-diphenyl-l-(3-(3,4-dihydro-2(m>- 
isoquinolinyl)-lH-indenyl)silyl)aniiney dilithium salt 

In the drybox 1.7 g (3.4 mmol) of N-(rcrr-butyl)-N.(l,l-diphenyl-l-(3-(3,4.dihydro-2(l/0- 
20 isoquinolinyl)-lH-indenyl)silyl)amine were dissolved in 60 mL of hexane. To this solution, 4.35 
mL (7 nunol) of /i-BuLi (1.6 M) was added dropwise in about 5 minutes. Upon complete addition 
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of the n-BuLi, the solution was stirred overnight. The resulting precipitate was collected via 
filtration^ washed with 40 mL bexane and dried under reduced pressure to give 1.5 g of product. 
Yield was 86 percent 

(C) Preparation of dicUoro(NKl,l-diiiie(hylethyI)-14^phenyl-H(l,233a,7a-^^ 
5 (3,4HlihydnH2(lfl)-lsaqulnolinyO-lH-inden-l-yl)silanamta 

N-(rerr-butyl)-N-(l,l-diphenyl-M3-(3,4-dihydro-2(l/^^ 
indenyl)silyl)amine, dilithium salt (1.5 g» 2.9 mmol) was dissolved in 40 mL of THF. This solution 
was added to a TiCl3(THF)3 (1.08 g» 2.9 mmol) suspension in 40 mL of THF. After Ih, PbCl2 (0.53 
g, 1.9 mmol) was added as a solid. The reaction mixture was then stirred an additional hour. The 
1 0 solvent was removed under reduced pressure. The residue was extracted with 60 mL of toluene and 
the mixture was flhered through diatomaceous earth. The filtrate was dried in vacuum and the 
residue was triturated with hexane. The residue was then filtered, washed with hexane and dried in 
vacuum to give 1.4 g of deep black-piuple product Yield was 77 percent. 

*H (CsDe) 5: 1.6 (s, 3H), 2.6 (m, 2H), (3.5 (ra, IH), 3.8 (m, IH)], [4.1 (d, IH), 4.9 (d, IH)], 
15 6.2 (s, IH), 6.6 (d, IH), 6.8 (m, 3H), 7.0 (m, 4H), 7.3 (m, 6H), 7.4 (d, IH), 7.6 (d, IH), 8.0 (d, 2H), 
8.1 (d, 2H). "C{'H}(C6D6) 5: 29.5, 33.5, 48.8, 51.8, 61.1, 1 12.2, 125.3. 126.3, 126.8, 128.1, 128.6, 
128.7, 129.6, 130.78, 130.84, 133.5, 134.9, 136.5, 151.1. 

Example 10 Preparation of (N.(l,l-dimethyIethyl).14-diphenyl-l-((l^^^a,7a-Ti)-3* 
(3,4-dihydro-2(l/0*isoquinolinyl)-lH-indeiHl-yl)sUanaminato-(2-)-N^^ dimethyl titanium 



Dicmoro(N.(l,l-dimethylethyl)-l,l-diphenyUl-((U,3,3a,7a-Ti)-3-(3,4-dihydro-2(l/^ 
isoquinolinyl)-lH-inden-l-yl)silanaminato-(2-)-N-)4itanium (0.25 g, 0.4 mmoles) was dissolved in 
30 mL of ether. Then 0.5 mL (0.8 mmoles) of MeLi (1.6 M, ether) was added. The mixture was 
then stirred for one hour. The volatiles were removed under reduced pressure and the residue was 
25 re-dissolved in 10 mL of toluene and filtered. The filtrate was dried in vacuum and the resulting 
residue was re-dissolved in hexane and filtered. The filtrate was concentrated to the point were a 
bright orange solid started to precipitate. The solid was collected by filtration and dried to give 0.1 1 
g of product. Yield was 47 percent 




CeHs 



20 
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(C6D6) 5 0.2 (s, 3H), 1.2 (s, 3H), 1.7 (s. 9H), 2.6(in, IH), 2.8 (m. IH), 3.25 (m, IH). 3.6 
(m, IH), 4.2 (d, IH), 4.5(d, 2H). 5.9 (s. IH), 6.6 (m, 2H), 7.0 (m, 4H). 7.25 (m, 6H), 7.6 (d. IH). 7.8 
(d,2H),8.2(in,2H). 

"C{'H}(C6D6) 5 29.9, 35.2, 49.0, 52.7, 57.7, 109.8, 124.4, 125.16, 125.24, 126.1 1, 126.28. 
5 126.53, 126.79, 128.2, 128.4, 128.88, 128.91, 130.04, 130.14, 134.35, 134.8, 136.26, 136.6, 137.1, 
137.8, 145.9. 

Example 11 Preparation of a^-(l9l-dimethylethyl)-14-dImethyl-l-((lA3^a»7a-ti>-3- 
(l>dihydro-2£r-lsoindol*2-yl>-lH-lnden-l-yOsilaim 
titanium 



In the drybox, dichloro(NKl.l-dimethylethyl)-l,l-dimethyl.l-((l,23,3a,7a-Ti)-3-(l,3- 
dihydro-2/^isoindol-2-yl)-lH-inden-I-yl)silanaminato-(2-)-N-)tit^ complex (1.0 g, 2.1 mmol. 
Example 1) was partly dissolved in 40 mL of toluene. To this solution, 4.38 mL (4.38 mmol) of 
magnesiumchloridetrimethylsilylmethyl (MgClCH2TMS) (1 M in ether) was added dropwise while 

1 5 stirring over a 2 minute period. After the addition of Grignard reagent was completed, the solution 
was stinred for 4 h. A proton NMR spectrum of the solution showed the conversion to the dialkyl 
complex was incomplete. An additional quantity of MgClCH2TM S solution (2.0 mL) were added to 
the reaction mixture and the reaction mixture was stirred overnight Analysis by ^H NMR showed 
substantially complete conversion to the dialkyl complex and residual quantities of Grignard reagent 

20 in the reaction mixture. Toluene was removed under reduced pressure and the residue was dissolved 
in 20 mL of hexane and filtered. The mixture volume was reduced to 14 mL and the vessel was put 
into a freezer for 48 hr at -27 °C. The solvent was decanted and the dark red crystalline material 
remaining was washed with 3 mL of cold hexane. Drying under reduced pressure gave 0.32 g of 
pure complex. 



3H), 0.87 (d, IH, Vh.h =117 Hz), 0.95 (d, IH, Vh.h = 1 0.5 Hz), 1 .35 (d, IH, Vh.h = 10.8 Hz), 1 .50 
(s, 9H), 4.85 (s, 4H), 5.49 (s, IH), 6.85 (ddd, IH, Vh-h = 8.6 Hz, Vh.h = 6.6 Hz. Vh-h = 0.9 Hz), 7.0- 
7.1 (m, 5H), 7,56 (d, IH, Vh.h= 8.7 Hz), 7.79 (d, IH, Vh,h= 8.7 Hz). 

"C{*H} (C6D6) 5: 2.63, 3.14, 3.72, 4.71, 34.18, 57.00, 58.91, 69.59, 77.12, 85.60, 100.79, 
30 122.61, 123.90, 124.24. 125.04, 125.20, 127.55, 128.45, 133.80, 137.52. 144.66. 



10 




25 



H (CfiDe) 5: -0.89 (d, IH, Vh-h = 12.0 Hz), 0.09 (s. 9H), 0.18 (s. 9H), 0.59 (s, 3H), 0.69 (s. 
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Example 12 Preparatfoo of (N-(l»l-diiiiethyIethyl).14-diphenyl-l-((l^^^a,7a-ii)-3- 
(l,3Hlihydro-2£r-isoindol-2-yI)-lH-lnden-l-yl)sUara bis(trimethylsttylinethyl) 
tttaniam. 



In the diybox 0.466 g of dichloro(N'<l,l-<lime%lethyl>l J-£phenyUl-((l,2,3,3a,7a-n)-3- 
(13-dihydro-2ff-isoindol-2-yl)-lH-indeii-l-yI)siIan^ complex (0.77 mmol, 

Example 4) was partly dissolved in 2S mL of diethylether. To this solution, L62 mL (1.62 mrool) of 
MgClCH2TMS (1 M in ether) was added dropwise while stirring over a 2 minute period. After the 
addition of Grignard reagent was completed, the solution was stirred for 2h. After that time, 20 mL 
of toluene was added with stirring continued for another 2h. The solvent mixture was removed 
under reduced pressure and the residue extracted with 40 mL of hexane. The solution was filtered 
ad the filtrate was evaporated to dryness under reduced pressure. Extraction with hexane was 
repeated one more time. The solvent was removed giving 0.334 g of red solid. One half of this 
material was dissolved in about 4 mL of hexane and the vial was put into a freezer at 
-27 overnight. After cooling, the solution was decanted and the resulting crystalline red solid 
was washed with cold hexane and the dried under reduced pressure. 



'H (C6D6) 6: 0.67 (d, IH, Vh.h= 11.7 Hz), 0.14 (s, 9H), 0.19 (s, 9H), 1.10 (d, IH, Vh.h= 
11.7Hz). 1.32 (s, 2H), 1.68 (s,9H), 4.75 (d, IH, Vh.h== 12 Hz), 4.89 (d, IH, Vh^= 12 Hz), 5.74 (s, 
IH). 6.71 (dd, IH, Vh.h= 8.3 Hz, Vimi= 6.9 Hz). 6.94-7.10 (m, 5H), 7.22-7.36 (m. 7H), 7.77 (d. IH. 
Vh.h= 8.7 Hz), 8.02 (m, 2H), 8.12 (m, 2H). 

''C{'H} (CaDs) 6: 2.51, 3.29, 35.10, 56.81, 58.40, 69.31, 80.94, 84.08, 101.82, 122.39, 
124.30, 124.65, 124.70, 125.06, 127.49, 127.90, 128.05, 129.15, 129.83, 129.90, 133.87, 136.29, 
136.72, 137.19, 137.55, 137.77. 145.99. 
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Example 13 Preparation of (NK14HliinettiyleUiyI)-l,l-dIphenyl-l-<(l>2^«3a,7a-ti>-3- 
(3,4-dihydro-2(U0-isoqidnoUnyl)-lH-lndeii-l^^^ 
stlylmettiyl) titanium 




5 I>ichloro(N-(l,lKlimethylethyl)-l,l-diphenyl-H(I^33aJa.Ti>3-^^ 

isoquinolinyl)-lH-inden-l-yl)silanaminato-(2-)-N-)-titaiiiuin (0.25 g, 0.4 mmol. Example 9) was 
dissolved in 30 mL of toluene. Then 0.8 mL (0.8 mmol) of MgClCHaTMS (1.0 M, diethylether) 
were added. The mixture was stilted for 48 hours. The solvent was removed under reduced 
pressure and the residue was re-dissolved in hexane and filtered. The filtrate was dried under 

10 vacuum to afford 0.2 g of a dark-red oily material. Yield was 69 percent. 

'H (CeDs) 5: -0.9 (d), 0.12 (s, 9H), 025 (s, 9H), 0.88 (m), 1.2 (m), 1.6 (s. 9H), 2.7 (m)» 2.8 
(m). 3.5 (m), 3.6 (m). 4.4 (d), 4.6 (d), 6.0 (s, IH), 6.6 (m), 6.9 (m), 7.0 (m). 7.2 (m), 7.3 (d), 7.7 (d), 
7.9(d). 8.2(d). 

"C{*H}(C6D6) 5: 2.3, 2.5 [Si(CH3)3], 3.1, 3.4 [Si(CH3)3], 29.6, 35.0, 49.5, 53.4, 58.4, 70.0, 
15 87.0, 107.8, 124.4, 124.9, 125.3, 126.4, 126.5, 126.7, 129.0, 129.5. 130.1, 133.4, 134,3, 134.7, 
136.4, 136.6, 137.2, 137.7, 147.4. 



Ethylene/ 1-Octene Polymerization Conditions 

All liquid and gas feeds were passed through columns of alumina and a decontaminant 
20 (Q-5'"^ catalyst available fix)m Englehardt Chemicals Inc.) prior to introduction into the reactor. 
Catalyst components are handled in a glovebox containing an atmosphere of argon or nitrogen. A 
stirred 2.0 liter reactor is charged with about 740 g of mixed alkanes solvent and 1 18 g of 1-octene 
comonomer. Hydrogen is added as a molecular weight control agent by differential pressure 
expansion fi-om a 75 mL addition tank at 25 psi (0.2 MPa). The reactor is heated to the desired 
25 polymerization temperature and saturated with ethylene at 500 psig (3.4 MPa). Metal complex as a 
dilute toluene solution and cocatalyst as dilute solutions in toluene or methylcyclohexane, were 
mixed in a 1:1 molar ratio and transferred to a catalyst addition tank and injected into the reactor. 
The cocatalyst for all runs except 9-1 1 was methyldi(octadecyl)anunonium tetrakis(pentafluoro- 
phenyl)borate. (The ammonium cation of which is derived from a mixture of amines available 
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commercially as methyl bis(tallow)amine). The cocatalyst for runs 9-1 1 was tris(pentafluorophenyI- 
borane). The polymerization conditions were maintained for IS minutes with ethylene added on 
demand. The resulting solution was removed from the reactor, quenched with isopropyl alcohol, 
and stabilized by addition of a toluene solution containing about 
67 mg/lOOg polymer of a hindered phenol antioxidant (Irganox™ 1010 from Ciba Geigy 
Corporation) and about 133 m^lOOg polymer of a phosphorus stabilizer (Irgafos 168 from Ciba 
Geigy Corporation). 

Between polymerization runs, a wash cycle was conducted in which 850 g of mixed alkanes 
was added to the reactor and the reactor was heated to 150 ""C. The reactor was then emptied of the 
heated solvent immediately before beginning a new polymerization run. 

Polymers were recovered by drying in a vacuum oven set at 140 ""C for about 20 hours. 
Density values are derived by determining the polymer's mass when in air and when immersed in 
methylethyl ketone. Micro melt index values (MMI) are obtained using a Custom Scientific 
Instrument Inc. Model CS-127MF-015 apparatus at 190 ''C, and are unit less values calculated as 
follows: MMI = 1/(0.00343 1 - 0.0025 1), where t = time in seconds as measured by die instrument. 
Results are contained in Table 1. 
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Table 1 





v^aiaiyst 


Temp. 


z leiu 




Density 


kiff... 
MW 






Ruo 


(umoli 


CQ 




Ml. 


(g/nii) 


IXIO 1 


Mw/Mn 


MMl 


1* 

1* 


ilUM (0.4) 


140 


A^ 1 

5r3.1 


A A 

4.9 


0.896 






8.5 


9# 

I 


1 Ir 1 IU.4) 


ii 




1.7 


A r%t\£. 

0.905 


■ 






3 


Ex. 2 (0.4) 




33.9 


1.8 


0.900 


• 


■ 


• 


4 


Ex. 2 (0.4) 




55.2 


2.9 


0.900 


271 


1.92 


<0.1 


5 


Ex. 2 (0.5) 




88.7 


3.7 


0.895 






• 


6 


Ex. 4 (0.4) 




6S.1 


3.4 


0.896 


- 


- 


- 


7 


Ex. 4 (0.3) 




62.0 


4.3 


0.895 


242 


1.99 


<0.1 


8 


Ex. 4 (0.3) 




61.9 


4.3 


0.895 


- 


- 


- 


9* 


TiDM^(1.5)* 


u 


58.2 


0.8 


0.898 


- 


- 


- 


10 


Ex. 8 (0.75)^ 


M 


26.6 


0.7 


- 


- 


- 


- 


11 


Ex. 8 (1.0)* 


M 


49.5 


1.0 


- 


- 


- 


- 


12 


Ex. 8 (0.5) 


U 


24.6 


1.0 


0.901 


- 


- 


- 


13 


Ex. 8 (0.75) 


U 


51.0 


1.4 


0.901 


216 


2.15 


- 


14 


Ex, 8 (1.0) 


W 


65.3 


1.4 


0.901 


- 


- 


- 


15 


Ex. 8 (0.4) 


160 


27.1 


1.4 


0.904 


163 


2.10 


<0.1 


16 


Ex. 8 (0.5) 


160 


37.4 


1.6 


0.904 


- 


- 


- 


17* 


TiDM^ (0.4) 


160 


26,7 


1.4 


0.902 


46 


2.47 


2.47 


18 


Ex. 10(0.5) 


140 


44.5 


1.9 


0.898 


- 


- 


- 


19 


Ex. 10(0.5) 


4» 


41.8 


1.5 


0.898 


- 


- 


- 


20 


Ex. 10(0.5) 


<« 


49.0 


2.0 


0.896 


235 


3.28 


- 


21 


Ex. 11(0.1) 


U 


87.6 


18,3 


0.898 


- 


- 


- 


22 


Ex. 11 (0.25) 




98.6 


8.24 


0.895 








23 


Ex. 11 (0.1) 


M 


92.6 


19.3 


0.896 


198 


2.37 




24 


Ex. 11(0.1) 


160 


57.2 


11.9 


0.904 


170 


2.85 




25 


Ex. 12 (0.3) 


140 


71.3 


6.0 


0.895 








26 


Ex. 12 (0.25) 


u 


72.1 


6.0 


0.892 


220 


2.16 


0.1 


27 


Ex. 12 (0.3) 


160 


35.9 


2.5 


0.897 


181 


1.87 


<0.1 


28 


Ex. 12 (0.4) 


■t 


43.0 


2.3 


0.897 








29 


Ex. 13 (0.15) 


140 


12.1 


1.7 


0.897 








30 


Ex. 13 (0,5) 


■« 


50.3 


2.1 


0.896 









* comparative, not an example of the inventioii 
*' efficiency, gpolymei/^g titanium 

^ micro melt index 190°C, (comparative technique of melt index determination) 
5 ^' (t'>butylamido)dimethyl(tetramethyl>Y^'-cyclopentadienyl)siianetitanium dimethyl 

* (t-butylaniido)dimcthylH(l,2,3,3a,7a-Ti)-3Kl-pynolid^^ 

dimethyl, prepared according to WQ98/06728 
^' cocatalystistris(pentafluorophenyl)boiane 



10 Example 14 Preparation of dIcliloro(N-l,lHliroethylethyI)-14-(4-botyl-phenyl>-i-((i;E^3a,7^ 
il)-3-(l^ihydro-2^-isoindoI-2-yl)-lH-inden-l-y0silanaiiiinat^ 




A) TetramethylsOane[MgCl]2(THF)6 
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To 40 mL diethyl ether solution of 2.S g, 1S.9 mmol of Me2Si(CH2Cl)2 was added 0.8S1 g, 
3S.0 mmol of Mg turnings. After stirring overnight, a large amount of white solid was visible. 
Solvent was removed under reduced pressure and replaced with 40 mL of tetrahydrofuran (THF). 
Upon addition of THF, all of the white solid dissolved. After stirring an additional 24 h., about 20 
5 mL of bexane was added and the solution was filtered. The filtrate was put into a freezer (-2TC) 
overnight. Solvent was decanted and large colorless crystals were washed with cold hexane (2X20 
mL). The solid was then dried under reduced pressure to give 2.7S3 g of product as the THF hexa- 
adduct Yield was 27.1 percent 

'H NMR (THF^): 5-1 .81 (s, 4H), -0.21 (s, 6H), 1.77 (m, 28H, THF), 3.66 (m, 28H, THF) 
10 "^C{'H} NMR (THF^a): $ -2.50, 9.14, 26.37 (THFX 68.46 (THF). 

B)dich]oro(NK14-dimethylethyl>14-di(4-methylphenyI)-lK(1.2^^aJa-T0-3^ 
dihydro-2ir-i$ohidol-2-yI)-lH-biden-l-yl)$ilanaminato-(2-)-N-) titaniam 

i) Preparation of (p-Bu-Ph)2SiCl2. 

To a three-necked 250 mL round-bottom flask under a nitrogen atmosphere equipped with a 
15 reflux condenser and a 250 mL dropping funnel 4.87g of Mg turnings (0.200 moles) were 

introduced, l-bromo-4-butyl benzene (42.6g, 0.200 moles) and 80 mL of THF were then added to 
the dropping fimnel. At this time 10 mL of the bromobenzene/THF solution was added to the Mg 
turnings with a small amount of ethyl bromide. The solution was then stirred until initiation 
occurred. The rest of the bromo benzene/THF solution was then added dropwise to allow refluxing 
20 to occur. After addition of the bromo benzene/THF solution, the mixture was heated at reflux until 
the magnesium was consumed. 

The resulting Grignard solution was then transfeired to a 250 mL dropping funnel which 
was attached to a three-necked 250 mL round-bottom flask under a nitrogen atmosphere equipped 
with a reflux condenser. To the round bottomed flask, 100 mL of heptane was introduced followed 
25 by SiCU (15.3g, 0.090 moles). To this solution, die Grignard solution was added dropwise. After 
addition was complete the resulting mixture was refluxed for 2h and then allowed to cool to room 
temperature. Under an inert atmosphere the solution was filtered. The remaining salts were further 
washed with heptane (3 X 40 mL), filtered and combined with the original heptane solution. 
The heptane was then removed via distillation at atmospheric pressure. The resulting 
30 viscous oil was then vacuimi distilled with collection of the product at 1 mm Hg, (133 Pa) at 
210 ''C giving 19.3g (58 percent) of the desired product. 

U) Preparation of bis(4-n-butylphenyl)(t-butylamido)chloroslIane 
Dichloro-di(4-n-butylphenyl)silanc (4.572 g, 12.51 mmol) was dissolved in 45 mL of 
methylene chloride. To this solution was added 1.83 g, 25,03 mmol of t-BuNHa. After stinring 
35 overnight, the solvent was removed under reduced pressure. The residue was extracted with 45 mL 
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10 



15 



20 



of hexane and filtered. Solvent was removed under reduced pressure leaving 4.852 g of the desired 
product. 

iii) Preparatfon of (4-n-Bn-Ph)2Si(3-isoindolfaiD-faidenyI)94H-f-Bu) 



To a 4.612 g (1 1.47 mmol) of (4-n-Bu-Ph)2Si(Cl)(NH-/-Bu) dissolved in 20 mL of THF was 
added 2.744 g (8.37 mmol) of lithium l-isoindolino-indenide dissolved in 30 mL of THF. After the 
reaction mixture was stirred overnight solvent was removed under reduced pressure. The residue 
was extracted with 50 mL of hexane and filtered. Solvent removal gave 6.870 g of product as a very 
viscous red-brown oil. Yield was 91.0 percent. 

iv) Preparation of diUthium salt of (4-n-Bu-Ph)2Si(3-lsoindolino-indenyl)(NH*/-Bu) 
To a 50 mL of hexane solution containing 6.186 g (10.33 mmol) of (4-n-Bu-Ph)2Si(3- 

isoindolinO'indenyl)(NH-/-Bu) was added 13.5 mL of 1.6 M n-BuLi solution. A few minutes after 
n-BuLi addition, a yellow precipitate appeared. After stirring overnight, the yellow precipitate was 
collected on the frit, washed with 4 x 20 mL of hexane and dried under reduced pressure to give 
4.42 g of the desired product as a yellow powder. Yield was 70.0 percent. 

v) Preparation of dicliloro(N-14-dimethyIethyl)-l,l-(4-butyl-phenyI>-l-((l,23^a,7a- 
n)-3-(l^ihydro-2jEr-lsoindol-2-yl)-lH-inden-l-yl)silaaandnato-(2^^ 

In the drybox, 2.62 g (7.10 mmol) of TiCl3(THF)3 was suspended in 40 mL of THF. To this 
solution, 4.32 g (7.07 mmol) of dilithium salt of (4*n-Bu-Pb)2Si(3-isoindolino-indenyl)(NH-r-Bu) 
dissolved in 60 mL of THF was added within 2 minutes. The solution was then stirred for 60 
minutes. After this time, 1 .28 g of PbCli (4.60 mmol) was added and the solution was stirred for 60 
minutes. The THF was then removed under reduced pressure. The residue was extracted with 50 
mL of toluene and filtered. Solvent was removed under reduced pressure leaving a black crystalline 
solid. Hexane was added (35 mL) and the black suspension was stirred for 0.5 hour. The solids 
were collected on the frit, washed with 2 x 30 mL of hexane and dried imder reduced pressure to 
give 4.68 g of the desired product as a black-blue, crystalline solid. Yield was 92.4 percent. 
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Example 15 Preparatton of ^-14-dimethylethyl)-14-(4-n-batylphenyI)-l- 
((1^33a,7a-Ti>*3K13-dibydro-2A^isolDdol-^yl)-lH4od^ 
dlmethyltitaninm 




5 Dichloro(N-l,l-dimethylethyl>ia-(4.n-butylphenyl>l-((U,33^^^^ 

isoindoI-2*yl)-lH-inde]3-l-yl)silanaminato-(2-)-N-)titanii^ (1.61 g, 2.2S mmol. Example 14) was 
suspended in 35 mL of toluene. To this suspension was added 3 mL (4.75 mmol) of 1.6 M MeLi 
ether solution. The reaction color changed at once from dark green-black to dark red. After stirring 
for i hour, the solvent was removed under reduced pressure. The residue was extracted with 55 mL 

10 of hexane and filtmd. Solvent was removed leaving 1 .46 g of the desired product as a red solid. 
Example 16 Preparation of (N-l,l-dlmefhylethyl)-l,l-(4-n-butylphenyl)-l- 
((l,233a,7&-Ti>3Kl»3-dlhydnH2ff-isolndol-2-yl)-lH-lnden-l-yO^^ 
(II) l^pentadlene 




15 Dichloro(N-14-dimethylethyl)-l,l-(4-butyl-phenyl)-H(l^^,3a,7a.^^^ 

isoindoI-2-yl)-lH-inden-l-yl)silanaminato-(2-)-N-)titanium (1.266 g, 1.77 mmol. Example 14) was 
suspended in 60 mL of hexane. The mixture was brought to gentle reflux and then 0.9 mL (0.89 
mmol) of piperylene was added followed by 1 .86 mL (3.72 nrniol) of BrMgBu (2 M in THF). The 
reaction mixture was refluxed for 2.5 hour. After cooling to room temperature the solution was 

20 filtered and solvent was removed under reduced pressure leaving 1 .30 g of the desired product as a 
black glassy solid. 
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Example 17 Preparation of (N-(l,l-dta»etliylctliyl)-l»l-«li(4-n-butyIphciiyl)-l- 
((1^^3a,7a-Tl)-3Kl>3•^ydra-2£r-l501ndol-^yl)-lH-lnde^^^ 
[(diinetliybaylene)bls(methylene)]ttta]iluin 

Bu I 
H3C 

S To a SO mL toluene solution containing 2.33 g, 0.26 mmol) of dicliloro(N-<l >l-<limethylethyl)- 

l,l-di(4-n-4>utyl-phenyl>l-((i;23^aJa-n)OK13-<libydio-2/f-isoindol-2-yl)-l^^ 
yl)silanaminato^2->-N-)titaniuin (Example 14) was added 3.62 g, 4.23 mmol of 
Me2Si(CH2MgCl)2(THF)9 as a solid. After stirring overnight at room temperature, the solution color 
changed from green-black to red. Solvent was removed under reduced pressure. The residue was 
10 extracted with 40 mL of hexane and filtered. The solvent was removed under reduced pressure to give a 
red glassy solid. This material was dissolved in 40 mL of hexane and filtered thought a fine fiit. 
Solvent removal gave 2. 16 g of product as a red glassy solid. Yield was 89.0 percent. 

'H NMR (C«D«): 8 -0.03 (s, 3H), 0.44 (s, 3H), 0.62 (d, IH, Vh-h = 12.6 Hz), 0.83 (q, 6H, Vh.h = 
7.9 Hz), 1.24 (m, 4H), 1.52 (m, 4H), 1 .54 (s, 9H), 2.34 (s, 2H), 2.45 (d, IH, = 13.4 Hz), 2.52 (t, 4H, 
15 Vh.h = 7.8 Hz), 4.61 (m, 4H), 5.84 (s, IH), 6.74 (t, IH, Vh-h = 7.7 Hz), 6.89 (d. IH, Vh-h = 8.7 Hz), 6.94 
(m, 2H), 7.05 (m, 2H), 7.15 (d, 2H, Vh-h = 7.5 Hz), 7.26 (d, 2H, Vh.h = 7.8 Hz), 7.31 (d. IH, V»h = 9.0 
Hz), 7.57 (d, IH, Vh« = 8.7 Hz), 8.13 (d, 2H, Vh-h = 7.8 Hz), 8.17 (d, 2H, Wh = 7.8 Hz). 

"C{'H} HMR (CsDe): § -1.08, -0.28, 14.1 1, 14.15, 33.70, 33.78, 35.91, 36.06, 56.63, 56.88, 
8031,84.35,85.24, 103.81, 122.61, 122.81, 122.82, 124.27. 124.36, 127.34, 128.47, 128.51, 129.72, 
20 131.03, 134.87, 135.00. 136.66, 137.16, 137.79, 143.36, 144.66, 144.85. 

HRMS (EI): calculated for C3»H4«N2Si2Ti (M)" 646.2679. found 646.2640. 
Analysis: Calculated for C39H46N2Si2Ti:C, 72.42; H, 7.17; N, 4.33. Found: C, 72.78; H, 
7.53; N, 4.13. 

25 Ethylene/Octene Copolymerizatloii 

The reaction conditions of Runs 1-30 were substantially repeated using toluene solutions of 
catalyst and cocatalyst, methyl(di(C|4.i8alkyl)ammoniimi tetrakis(pentafIuorcq)henyl)borate. Results 
are contained in Table 2. 
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Table 2 







Cat./ cocat. 


C2H4 


Yield 


Efficiency 


Density 




Run 


Catalyst 




Is) 




(g/ug TO 


(g/ml) 


MMl 


31» 


DSAT** 


0.9/0.9 


11 


19.9 


0.46 


0.898 


3.3 


32 


Ex.14 


0.3/03 


17 


40,9 


2.85 


0.892 


<0.1 


33 


Ex.8 


0.3/0.3 


12 


18.8 


1.31 


0.897 


<0.1 



* comparative, not an example of the invention 
**dimethyl(N-(l,l-djmethylethylV14-dimethyl-l-(23A5-teti^ 
silanaminato titaniiun 



Example 18 Preparation of (N-14-diniethylethyI)-14-(4-niethylphenyl>-l- 
((l,233a,7a-Ti)-3KM-dlhydro-2£r-lsoindol-2-yl).lH.indcn.l.yl^^^ 
bi5[(tri]netliylsUyl)methyI]-titanluiii. 




In the drybox 3.42 g of dichloro(N-l.l-dimethyIethyl)-l,l-(4-methylphenyl)-l- 
((l,2^3a,7a-ii)-3-(l,3Kiihydro-2/f-isoindol-2-yl)-lH-inden-l.yl)si 

(5.42 mmol) (prepared substantially according to example 5) vsras partly dissolved in 70 mL of 
toluene. To this solution 1 1 .6 mL (1 1 .6 mmol) of LiCH2TMS (1 M in pentane) was added dropwise 
while stirring over a one minute period. After the addition of lithium reagent was completed, the 
solution was stirred for 15 hours at room temperature. The reaction mixture was filtered and solvent 
was removed under reduced pressure. The resulting solid was dissolved in 15 mL of toluene 
followed by addition of 45 mL of hexane. The solution was filtered and solvent removed under 
reduced pressure leaving a red-brown crystalline solid. Hexane was added (25 mL) and the mixture 
was stirred for 10 min. and then put into freezer for 24 hours. Red crystalline solid was collected by 
filtration, washed with 2 x 8 mL of cold hexane, and then dried under reduced pressure to give 2.722 
g of the desired product 

'H NMR (CfiDfi): 5 -0.67 (d, 2H, Vh.h = 11.7 Hz. JCHzSiiCHsh). 0.14 (s, 9H, - 
CH2Si(C/fj)3X 0.20 (s, 9H, -CRzSiOCHsh), 1.10 (d, 2H, Vh-h ^ 12.0 Hz, -CfliSi(CH3)3), 1.31 (m, 
2H, -CW2Si(CH3)3), 1.71 (s, 9H, CiCH^h), 2.13 (s, 6H), 4.77 (d, 2H, Vh.h = 12.0 Hz), 4.91 (d, 2H, 
Vh-h = 12.0 Hz), 5.78 (s, IH), 6.73 (t. IH, Vh-h = 7.7 Hz), 6.98 (m, 3H), 7.05 (m. 2H), 7.13 (d, 2H, 
Vh-h = 7.8 Hz), 7.20 (d, 2H, = 7.8 Hz), 7.33 (d, IH, = 8.4 Hz). 7.78 (d, IH, Vh-h = 9.0 
Hz), 7.98 (d, 2H, Vh.h = 7.5 Hz), 8.06 (d. 2H, V„.„ = 7.8 Hz). 
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"C{*H} NMR(C6D6): 5 2.74, 3.52, 21.47, 21.50, 35.33, 57.03, 58.74, 69.08, 80.50, 84.92, 
102.34, 122.57, 124.42, 124.78, 124.92, 125.12, 127.55, 128.92, 129.09. 129.49. 133.99, 134.30, 
134.60, 136.65, 137.09, 137.43. 139.72. 139.83. 146.11. 

HRMS (EI): calculated forCaaHssNaSijTi (M)^735.3465, found 735.3461. 



8.74; N, 2.11. 

The X-ray structure (ORTEP) for the compound is provided in Figure 3. 

Example 19 Preparation of ^-(l,l-dimethyletbyl)-l»l-dl(4-metliylphenyl)-l- 
((l,233a,7a-T)^3-(13-dIhydnH2ff-isolndol-2-yl)-lH*inden-l^^^ 
10 ((dimethylsUylene)bis(methylene)] titanium 



A) TetrametiiyisUane(MgCi]2(THF)6 

To 40 mL diethyl ether solution of 2.5 g, 15.9 mmol of Me2Si(CH2Cl)2 was added 0.851 g, 
35.0 mmol of Mg turnings. After stirring overnight large amount of white solid was visible. 

1 5 Solvent was removed under reduced pressure and replaced with 40 mL of tetrahydrofuran (THF). 
Upon addition of THF all of the white solid dissolved. After stirring an additional 24 hr, about 20 
mL of hexane was added and the solution was filtered. The filtrate was put into a freezer (-27'C) 
overnight. Solvent was decanted and large colorless crystals were washed with cold hexane 
(2 X 20 mL). The solid was then dried under reduced pressure to give 2.753 g of product as the THF 

20 hexa-adduct. Yield was 27.1 percent. 



'HNMR(THF-d8):5-1.81 (s, 4H), -0.21 (s,6H), 1.77 (m, 28H, THF), 3.66 (m, 28H, THF). 

"C{^H} NMR CTHF^): § -2.50, 9.14, 26.37 (THF), 68.46 (THF). 

B) Preparation of (NK14-dimettiylet]iyl>-l,l-di(4-methy]phenyl>-l-((l,2,3.3a,7a.T))-3. 



(l^-dihydro-2£r-isoindol-2-yl>lH-inden-l-yl)silanaminato.(2->N-)-[(dim^ 

25 (mefliylene)] titanium 

To a 50 mL toluene solution containing 0.60 g, 0.95 mmol of dichloro(N-(l,l- 
dimethyIethyl)-l,l-di(4.methyl-phenyl).l-((l,2,3,3a,7a.Ti>3.(1.3-dihy^^ 
inden-l-yl)silanaminato-(2-)-N-)titanium (prepared substantially according to the technique of 
Example 5) was added 0.667 g, 1.05 mmol of Me2Si(CH2MgCl)2(THF)5 as a solid. After stirring for 

30 2 hours at room temperature, proton NMR analysis showed about 70 percent conversion to the 



5 



Analysis Calculated for C43H5sN2Si3Ti: C, 70.26; H. 7.95; N, 3.8 1. Found: C, 65.96; H, 
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product After stirring an additional 2 days, the 'HNMRspectni^ An additional 

0.2S g of the diGrigniard was added. Within minutes the reaction mixture turned from green-yellow 
to red. After stirring an additional 6 hours, fhe solvent was removed under reduced pressure. The 
residue was extracted widi 40 niL of hexane and filtered. Solvent was removed under reduced 
S pressure to give a red glassy solid. This solid was dissolved back in IS mL of hexane. After 

standing at room temperature overnight, the solvent was decanted and red crystals were washed with 
cold hexane (2x2 mL). These crystals were dried under reduced pressure to give 0.44S g of the 
desired product Yield was 72.9 percent 

'H NMR (C6D6): 5 -0.04 (s, 3H), 0.44 (s, 3H), 0.63 (d, IH, Vh.h = 12.9 Hz), 1.52 (s, 9H), 
10 2. 15 (s. 6H), 2.34 (m, 2H), 2.45 (d, IH, Vhji = 12.9 Hz), 4.61 (m, 4H), 5.8 1 (s, IH), 6.74 (t, IH, Vh. 
H = 7.8 Hz), 6.88 (d, IH, = 6.6 Hz), 6.92 (m, 2H), 7.05 (m, 2H), 7.15 (d, 2H, Wh = 8.1 Hz), 
7.21 (d, 2H, Vh.h = 8.1 Hz), 7,37 (d, IH, Vh-h = 8.4 Hz), 7.56 (d, IH, Vh-h = 8.4 Hz), 8.09 (d, 2H, 
Vh-h = 6.9 Hz), 8.1 1 (d, 2H, V„.h = 7.2 Hz). 

*^C{'H} NMR (CfiD^): § -1.10, -0.30, 21.50, 21.56, 35.87, 56.62, 56.88, 80.27, 84.40, 85.15, 
15 103.75, 122.61, 122.81, 123.83, 124.29, 124.37, 127.35, 129.12, 129.68, 130.98, 134.58, 134.61, 
136.65. 137.14, 137.78, 139.66, 139.86, 143.33. 

HRMS (EI): calculated for C39H46N2Si2Ti 0^^646.2679, found 646.2640. 

Analysis: Calculated for C3jH46N2Si2Ti: C, 72.42; H, 7.17; N, 4.33. Found: C, 72.78; H, 
7.53; N, 4.13. 

20 The X-ray structure (ORTEP) for the compound is provided in Figure 4. 

Example 20 Preparation of dlcliloro(N-(l,l-dimethylethyl)-14-diphenyI-l- 
((l^,3,3a,7a-ii)-3Kl-pyrroUdhiyI>-lH-inden-l-y0silanamlnatoH^^ 

(CeHslaSi ^^Cfe 
NC(CH3b 

(A) Preparation of N-(teft-bn1yl)-N-(l-chloro-l,l-diplieDylylsilyl)aiiiine. To a solution 
25 of of 12.66 g (50.0 mmol) of dichlorodiphenylsilane in 300 mL of hexane was added 7.3S g (101 
nimol) of t-batyl amine. The reaction mixture was stirred overnight, then filtered. The hexane was 
removed under reduced pressure to give the product as a viscous coloriess oil. The yield was 13.55 
g (94 percent yield). 

•H (CyJe) 6: 1.10 (s, 9H), 1.51 (s, IH), 7.14 (m, 6H), 7.85 (m, 4H). "Ci'HXCeDfi) 6: 33.2, 
30 50.8, 128.22, 130.67. 134.9, 135.81. 
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(B) Preparation of N-<i^if-butyl)-N-(l,lHUpheiiyl*l-(3-tetrabydro-lH-l-pyrrolyl-^ 
indenyl)sllyl)aiiibie. 




A solution of l-(lH-3-inden^)pym>lidine, lithium salt (2.00 g, 10.46 mmol) in 40 mL of 
5 THF was added dropwise to a 80 mL THF solution N-(rerr-butyl>-N-(l-chloro-l,l- 

diphenylylsilyl)amine (3.03 g, 10.46 mmol). After the addition was complete the reaction mixture 
was stirred ovanight The solvent was then removed under reduced pressure. The residue was 
extracted with hexane and the solution filtered. The solvent was then removed under reduced 
pressure leaving 4.57 g of product. Yield was 99 percent. 
10 (CDCI3) 5: 1.17 (s, 9H), 1.83 (m, 4H), 2.85 (m, 2H), 3.20 (m, 2H) 5.25 (s, IH), 7.00-7.84 

(m, 14H). ^'C{*H}(CDCb) 5: 25.03, 33.43, 33.63, 40.39, 46.44, 49.92, 50.53, 104.36, 120.23, 
123.28, 124.06, 124.27, 126.91, 127.10, 127.42, 127.69, 128.86, 129.00, 134.97, 135.13. 135.34. 
135.50, 141.20, 145.23, 149.59. 

(C) Preparation of N-(reit-buty^N-(l,l-diphenyl-l-(3-tetrahydro-lH-l-pyrrolyl-lH-l- 
15 indenyOsilyOamine, dillthlum salt 




^t-Bu 

In the drybox 4.57 g (10.42 mmol) of N-(/er/-butyl)-N-(l,l-diphenyl-l-(3-tetrabydn>-lH-l" 
pyrn>lyl*lH-l-indenyl)silyl)amine was combined with 80 mL of hexane. To this solution 13.0 mL 
(20.83 mmol) of n-BuLi (1.6 M in hexanes) was added dropwise. Upon complete addition of the n- 
20 BuLi the solution was stirred overnight. The resulting precipitate was collected via filtration. 
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washed with hexane and dried under reduced pressure to give 3.37 g of product Yield was 72 
percent. 

(D) Preparatton of dichloro(NKM-dimethyIethyl)-14HUphenyl-H(W 
pyrroUdlnyO-lH4nde]i-l-yOsUanaiiiinatoK2-)-N-)-tftanii^ 

5 N-(/^-but)i)-N-(l 1 1 -diphenyl-l-(3-tetrahydro- lH-l-pyrrolyl-lH-1 -indenyl)silyl)aniine, 

dilithium salt (3.37 g, 7.47 nunol) was added as a solid to a 8(hnL solution of THF containing 
TiCl3(THF)3 (2.77 g, 7.47 mmol). After 45 minutes, Pba2 (103 g, 3.73 mmol) was added as a 
solid. The reaction mixture was then stiired an additional hour. The solvent was removed under 
reduced pressure. The residue was extracted with toluene and filtered. Toluene was removed under 

10 reduced pressure and the residue was triturated with hexane. The solid was collected by filtration, 
washed with hexane and then dried under reduced pressure. 3.39 g of product was obtained (82 
percent yield). 

'H (CDCh) 5: 1 .47 (s. 9H), 2.04 (m, 4H), 3.78 ( hr s. 2H), 4.05 ( hr s. 2H), 5.80 (s, IH), 6.95 
(m, IH), 7.05 (m, IH), 7.21-7.26 (m, 2H), 7.57 (m, 5H), 7.95 (m, 5H). "C{'H}(CDCl3) & 25.71, 
15 33.36, 50.71, 60.78, 93.14, 107.76, 125.63, 126.82, 127.34, 128.13,128.19,128.99, 129.24, 130.31, 
130.51, 134.66, 134.74, 135.48, 135.99, 136.28, 150.48. 

Example 21 Preparation of (N-(lf l-dlmethylethyI)-14-dlphenyl-H(l,2^>3a,7a-T|)-3- 
(l-pyrroUdinyl)-lH-inden-l-yQsUanandnato-(2-)-N-)-dimethyl-dtanlum. 




20 To 0.50 g of dichloro(N-(l,l-dimethylethyl)-l,l-diphenyl-l-((l,2,3,3a,7a-T))-3-(l* 

pyrrolidinyl>-lH-inden-l-yl)silanaininato-(2-)-N-)-titanium (0.90 mmol) was added 40 mL of Et20. 
To this suspension, 1 . 12 mL of MeLi (1 .6 M in Et20 ) was added dropwise with stirring. Upon 
completion of the addition, of the MeLi the solution was stirred for 30 minutes. After this time 
period the Et20 was removed under reduced pressure and the residue extracted with hexane, the 

25 solution filtered, the filtrate evaporated to dryness under reduced pressure to give 0.3 1 g of product 
Yield was 66 percent. 

'H (CfiDe) 6: 0.14 (s, 3H), 0.87 (s, 3H), 1.32 (bs, 4H), 1.57 (s, 9H). 2.99 (bs, 2H), 3.22 (bs, 
2H), 5.44 (s, IH), 6.75 (t, IH), 6.95 (t, IH), 7.02-7.32 (bs, 4H). 7.54 (d, IH), 7.83 (d. 2H). 8.05 (d, 
2H). "C{*H}(C6D6) 5: 25.81, 35.30, 50.24, 50.43, 55.83, 57.36. 82.73, 105.09, 124.37, 124.86, 
30 125.12, 125.51, 128.32, 128.73, 129.87. 130.03, 133.63, 136.29, 136.65, 137.55, 138.13, 144.96. 
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Example 22 Preparation of (N-(l,l-dlmethylethyO-14-diphenyl-l-((l>Z^f3a»7&-il)-3- 
(l-pyiTolldinyO-lH4ndeii-l-yI)silaDaiiiiiiaM2-)-N^^ tttanlum 

In the drybox 0.4 g of dichloro(N-(14-dimeaiylethyl).l,l^phen]d-l-((l,23,^^^ 
pynoUdinylVlH4nden-l-yl)sUaiiaininato-(2-)-N-)titanium complex (Example 1, 0.72 mmol) was 
S dissolved in 30 mL of toluene. To this solution, 1.51 mL (1.S1 mmol) of MgClCHiTMS (1 M m 
ether) was added dropwise while stiiring over a 2 minute pmod. Aftia the addition of Grignard 
teagent was completed, the solution was stiired for 90 minutes. The solvent was removed under 
reduced pressure and the residue was extracted with 30 mLofhexane and filtered. Hexanewas 
removed leaving 0.419 g of red solid that was dissolved in about 10 mL of hexane and put into a 
10 freezer at -27X. After two days, the solvent was slowly removed under reduced pressure and then 
about 4 mL of hexane was added causing only partial dissolution of the solid. The vial was put into 
a freezer ovemigjit. The solvent was decanted and the dark red crystals were washed with 2 mL of 
hexane and were dried under reduced pressure to give 124 mg of the desfred product. 

'H (CftDfi) 5: -0.69 (d, IH, = 12.0 Hz), 0.15 (s, 9H), 0.29 (s, 9H), 1.07 (d, IH, Vh.h= 
15 12.0 Hz), 1.23 (s, 2H), 1.50 (m, 4H), 1.67 (s, 9H), 3.33 (m. 2H), 3.43 (m, 2H), 5.61 (s, IH), 6.68 (t, 
IH, Vh.h = 7.7 Hz), 6.96 (t, IH, Vh^i = 7.7 Hz), 7.20-7.34 (m, 7H), 7.70 (d, IH, Vh.h= 9.0 Hz). 7.98 
(m,2H),8.10(m,2H) 

*^C{*H} (CfiDfi) 6: 2.68, 3.59, 25.62, 35.32, 50.70, 58.42, 68.57, 79.80, 83.97, 101.19, 
124.16, 125.06, 127.98, 128.17, 129.22, 129.88, 129.98, 134.10, 136.43, 136.88. 137.89, 138.10, 
20 147.38. 

Example 23 PreparatiDn of dlchloro(N-(l,l-dimethy!ethyl)-l,l-di(4-methylphenyl)-l- 
((l,2^^a,7a*n)-3Hl-pyrroUdinyl)-lH-inden-l-y0silanamlnatoH2-)-N->^^ 



added 5.20 g (71.1 mmol) of t-butyl amine. The reaction mixture was stirred overnight, then 
filtered. The hexane was removed under reduced pressure to give the product as a viscous, colorless 
oil. The yield was 10.83 g (96 percent). 



'H (CfiDfi) 5: 1. 12 (s, 9H), 2.04 (s, 6H), 7.01 (d, 4H), 7.82 (d. 2H). *^C{^H}(C6D6) 6: 21.4, 
30 33.2, 50.80. 129.06, 132.67. 135.09, 140.46. 




25 



(A) Preparation of N-(reit-butyl)-N-(l-chloro-l,lHli-p-t<riylsiIyl)anitaie. 

To a solution of of 10.0 g (35.6 mmol) of dichloro-p-ditolylsilane in 300 mL of hexane was 
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(B) Preparation Of N-<IM-butyl)-NKl*l-^(4-mefliylphen^)-l-(3-tetra 
pyrrolyl-lH-l-indenyOsayQaiiiiiie. A solution of l-(lH-3-indenyI)pym>lid]ne, lithium salt (LOO 
g, 5*23 mmol) in 40 mL of THF was added dropwise to a 80 mL THF solution N-(^er/-butyl>N-(l- 
cliloro-l,l-di-p-tolylsilyl)amine (1.66 g, S.23 mmol). After the addition was complete the reaction 
S mixture was stirred overnight. The solvent was then removed under reduced pressure. The residue 
was extracted with hexane and the solution filtered. The solvent was then removed under reduced 
pressure leaving 2.41 g of product Yield was 99 percent. 

*H (CfiDs) 8 1.07 (s, 9H), 1.52 (bs, 4H). 2.04 (s. 3H), 2.09 (s, 3H), 3.00 (bs, 2H). 3.14 (bs, 
2H). 4.07 (s, IH). 5.52 (s. IH). 7.00-7.84 (m, 121^. 
10 (C) Preparation of N-(rert-batyl)-N-<14-di(4*methylphenyl)-l-(3-tetrahy^ 

pyrrolyl-lH-l-indenyl)silyi)amlne, diUthium salt In die drybox» 2.41 g (5. 16 mmol) of H-itert* 
butyl)-N*<Ul-di(4-methylphenyl)4-l-(34etrahydro-lH-l-pyrrolyl-lH-l-m^ was 
combined with 80 mL of hexane. To this solution, 6.45 mL (10.33 mmol) of n-BuLi (1.6 M in 
hexanes) was added dropwise. Upon complete addition of the n-BuLi, the solution was stirred 
15 overnight. The resulting precipitate was collected via filtration, washed with hexane and dried under 
reduced pressure to give 1.52 g of product. Yield was 61 percent. 

(D) Preparation of dichloro(N-(l»l-dlmethyIethyl)-l,l-di(4-methylphenyl)-l- 
((l,23,3a,7a-T))-3Kl-pyrroUdlny0-lH-i]iden-l-yl)siIanaminatoK2-)-N-)-tit^ 
N-(/e/t-butyl>N-(l , 1 -di(4-methylphenyl)- 1 -(3-tetrahydro- lH-1 -pyrrolyl- lH-1 - 
20 indenyl)silyl)amine, dilitbium salt (1 .52 g, 3.26 mmol) was added as a solid to a 80mL solution of 
THF containing TiCl3{THF)3 (1.21 g 3.26 mmol). After 45 min, PbCh (0.45 g, 1.63 mmol) was 
added as a solid. The reaction mixture was then stirred an additional hour. The solvent was 
removed under reduced pressure. The residue was extracted with toluene and filtered. Toluene was 
removed under reduced pressure and the residue was triturated with hexane. The solid was collected 
25 by filtration, washed with h^cane and then dried under reduced pressure. 1 .40 g of product was 
obtained. Yield was 73 percent 

(CDCI3) 6 1.33 (s, 9H). 1.99 (br s, 4H), 2.36 (s, 3H), 2.39 (s 3H), 3.65 ( br s, 2H), 3.87 ( 
br s, 2H), 5.74 (s, IH), 7.10 (m, IH), 7.25 (bs, 5H), 7.60 (m, 2H), 7.77 (s, 2H) 7.82 (d, IH). 
"C{*H}(CDCl3) 5: 21.01, 21.68, 25.73, 333.35, 50.70, 60.86, 83.69, 107.91, 125.58. 
30 126.81, 127.23, 127.98, 128.95, 128.99, 129.37, 131.23, 135.48. 136.08, 136.36, 140.33, 140.53, 
150.38. 
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Exampk 24 Preparation of (N-<MHlimethylethyO-l,l-di(4-niethyIplienyI)-l- 
((l,233a>7a.tO-3Kll>ymUdlnyl)-lH-lndeii-l-yI)sib 




In the drybox 0.444 g dicUoro(N-(l,lKJimethylethyl>l,l-di(4-methylphenyl)-l- 
5 ((l,23,3a,7a-Ti)-3-(l-pyrrolidmyl)-lH-inden-l-yl)silanaminato-(2-)-^^ complex (0.76 

nunol) was dissolved in 30 mL of diethylether. To this solution 1.00 mL (1.6 mmol) of MeLi (1.6 
M in ether) was added dropwise while stirring over a 2 minute period. After the addition of MeLi 
was completed, the solution was stirred for l.S hour. £t20 was removed under reduced pressure 
and the residue extracted with 45 mL of hexane. Hexane was removed under reduced pressure 
10 giving 0.348 mg of red, crystalline material. This red soUd was dissolved in about 5 mL of hexane 
(heating was used) and then the vial was put into freezer overnight at —27 *'C, giving 75 mg of red 
crystals. 

(C6D6) 5: 0.26 (s, 3H), 1.01 (s, 3H), 1.44 (m, 4H), 1.72 (s, 9H), 2.01 (s, 3H), 2.14 (s, 3H), 
3.12 (m, 2H), 3.36 (m, 2H), 5.60 (s, IH), 6.70 (ddd, IH, Vh.h = 8.7 Hz, Vh.h= 6.6 Hz, Vh.h= 0.9 
15 Hz), 6.96 (ddd, IH, Vh-h=8.6Hz, Vh.h=6.6Hz, VH.H = 0.9Hz).7.12(m,4H),7.68(d, IH, Vh.h = 
8.7 Hz), 7.68 (d, IH, Vh.h= 9,0 Hz), 7.89 (d, 2H, Vh.h= 7.8 Hz), 8.1 1 (d, 2H, Vh.h= 7.8 Hz). 

'^C{'H} (C^Dfi) 5: 21.43, 21.50, 25.82, 35.31, 49.87, 50.45, 55.53, 57.45, 83.28, 105.28, 
124.31, 124.86, 125.00, 125.50, 128.86, 128.96, 129.20, 133.65, 134.08, 134.77, 136.46, 136.81. 
139.57. 139.76. 144.86. 
20 Ethylene 1-Octene Copoiymerizatfons 

The reaction conditions of Runs 1-33 were substantially repeated. Metal complex as a 
dilute toluene solution and cocatalyst as dilute solutions in toluene or methylcyclohexane. were 
mixed in a 1 : 1 molar ratio and transferred to a catalyst addition tank and injected into the reactor. 
The cocatalyst for all runs was methyIdi(octadecyl)ammonium tetrakis(pentafluorophenyl)borate. 
25 Results are contained in Table 3. 
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Table 3 





Catalyst 


Temp. 


Yield 




Density 


Mw 






Run 


Cumol) 


£!Q 


(g) 


Eff. 


(g/mn 


fxlO^) 


Mw/Mn 




34* 


TiDM' (0.4) 


140 


93.1 


4.9 


0.896 


- 


- 


8.5 


35* 


TiPI* (0.4) 




33.5 


1.7 


0.906 


- 


- 


- 


36* 


TiDM' (0.4) 


160 


26.7 


1.4 


0.902 


46 


2.47 


2.47 


37 


Ex. 21 (O.S) 


140 


56.6 


2.4 


0.898 


320 


1.93 




38 


Ex. 21 (0.3) 


M 


55.2 


3.84 


0.902 


305 


2.0 




39 


Ex. 22 (0.15) 


«C 


71.5 


10.0 


0.900 








40 


Ex. 22 (0.1) 


M 


6S.6 


13.7 


0.901 


280 


2.13 




41 


Ex. 22 (0.15) 


160 


39.4 


5.5 


0.905 








42 


Ex. 24 (0.15) 


«« 


19.5 


2.7 


0.901 


331 


1.96 




43 


Ex. 24 (0.25) 


« 


46.7 


3.9 


0.902 






<0.1 


44* 


TiDM' (0.4) 


»4 


76.1 


4.0 


0.897 


67 


2.23 


8.9 



* comparative, not an example of the invention 
efficiency, g polymer/ titanium 

^ micro melt index 190 ^C, (comparative technique of melt index determination) 
5 ^* (t-butylamido)dimethyl(tetramethyl-T)^-cyclopentadienyl)silanetitamum dimethyl 

* (t-butylamido)dimethyl(-<(l,2,3,3a,7a-ii>3-(l-pyiTolidinyl>^ 

dimethyl, prepared accoidmg to W098A)6728 

Example 25 Preparation of [l-[(l,2;2a,10b41-Ti)-lH-€yclopenta[/|phenanfliren-2-yl]-N-(14- 
10 dimethylethyl)-l,l-dlmethylsUanaminato(2-)-N]-bis[(trimethylsUyl)methyq 

.6 




H3C 

In tiie drybox K893 g of dichloro[l-[( 1,2,3,3a, 1 lb-n)-lH-cyclopenta[/]phenanthren-2-yl]- 
N-(l,l-dimethylethyl)-l,l-dimethylsilanaminato(2-)*N]-titanium (4.09 mmol) (prepared according 
to EP-A-1,017,701, USSN 09/122958, filed July 27, 1998) was partly dissolved in 45 mL of toluene. 

15 To this solution 8.4 mL (8.4 mmol) of litiiiumtrimethylsilyhnethyl (LiCH2TMS) (IM solution in 
pentane) was added over a 1 minute period while stirring. After addition, the reaction mixture was 
stirred for 2 hours and the solvent was removed under reduced pressure. The yellow residue was 
extracted with 40 mL of hot hexane and filtered. The solution was cooled to room temperature 
(crystals started to form) and put into the fireezer (-27''C) for 18 hours. Solvent was decanted and the 

20 large yellow crystals were washed with cold hexane (2 x 10 mL) and then dried under reduced 
pressure to give 1 .82 g of the desired product Yield was 67.5 percent The single crystal X-ray 
structure (ORTEP) of the complex was obtained and is reproduced as Figure 5 attached hereto. 
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'H NMR (CtDs): 8 -0.19 (s. 18H, -CHjSKC/^),), 0.50 (s. 6H, -Si(C^,)2), 0.78 (d, 2H, Wh 
= 10.8 Hz, -Cf^2Si(CH,),X 0.94 (d, 2H, Vh* = 10.8 Hz, -C/feSi(CHj),), 1.55 (s, 9H, -CXCft),), 6.71 
(8, 2H), 7.33 (td, 2H, Vh« = 6.9 Hz,*Ji^„ = 1.5 Hz), 7.39 (td, 2H, V»m = 6.9 Hz,*JiH. = 1^ Hz). 
7.98 (dm, 2H, Vh-h = 7.8 Hz), 8.24 (dm, 2H, Vh« = 8.1 Hz). 

5 "C (gated coupled) NMR (C7DS): 8 1.34 (q, '7cji = 120.0 Hz, -SKCH,):). 2.59 (q, %i, = 

1 18.0 Hz. -CH2Si(CHj)3X 34.04 (q, Voh = 125.1 Hz, -C(CHj)3), 60.87 (s* -aCHj),), 76.89 (t, '/c-h 
= 106.8 Hz, -01281(011)3), 108.70 (sX 1 12.1 1 (dd. ^Jch = 171.2 Hz,JtH = 9.1 Hz), 124.1 1 (dd, 'Jb. 
H = 155.6 Hz, Ve-H = 7.0 Hz), 125.83 (dd. 'Jch = 157.7 Hz, Voh = 66 Hz), 127.49 (dd, ^Jcn = 160.2 
Hz, Vc-H = 8.1 Hz), 128.36, 130.31 (mX 130.87 (m). 

10 HRMS (EI): calculated fat C3oEl44NSi3Ti QA-CH,)* 550.2261, found 550.2252. 

Analysis Calculated for C3iH47NSi3Ti: C, 65.80; H, 8.37; N, 2.48. Found: C, 65.96; H, 8.74; 

N,2.11. 

Example 26 Prqiaration of |l-((l,2.2a,10b41-T|)-lH-cyclopenta[/|plieiiandireB-2-yl]- 
N-(14-dlmethyktiiyI)-M-dimethylsiianamiiiatoa-)-N]-Kdimetfaybllylene)-b^^ 
15 titanium 




To a 50 mL toluene suspension containing 0.624 g, 1.35 mmol of dichloro[i-[(l,2.3,3a,l lb-ii> 
lH^:yclopenta[/]phenanthren-2-yl]-N-<l,lKlimethylethyl)-l,l-dimetlQrlsilanamimiU^^ 
derivative was added 1.294 g, 2.03 mmol of Me2Si(CH2MgCl)2(1HF)B as solid crystals. After stirring 

20 ovemigbt solvent was mnoved under reduced pressure. The residue was extracted widi 40 mL of hot 
hexane and filtered. The solution was put into a fiteezer overnight Solvent was decanted and yellow 
crystals were washed widi 5 mL of cold hexane and then dried under reduced pressure to give 350 mg of 
product The solution was decanted and volatiles removed under reduced pressure and the remaining 
solid was dissolved hot in 5 mL of hexane and filtered. The solution was then put into fi^ezer overnight 

25 The precipitated solid was washed with cold hexane and dried under reduced pressure to give 165 mg of 
product. Combined yield was 515 mg, 57.8 pocent. 

'HNMR (CsDs): 5 -1.27 (s, 3H), 0.19 (s, 3H), 0.56 (s, 6H), 1.33 (s, 9H), 1.81 (d, 2H, Vh-h = 
13.8 Hz), 2.37 (d, 2H, 'J».» = 13.5 Hz), 6.89 (s, IH), 7.31 (m, 4H), 7.89 (m, 2H), 8.21 (m, 2H). 
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"C{'H} NMR (CftDfi): § -3.68, -1.08, 1.39, 35.06, 58.45, 84.45, 109.15, 1 11.07, 123.91, 12523, 
127.16, 127.64, 128.51, 128.59, 130.52. 

HRMS (EI): calculated for CjrHjsSiaNTi (M)* 477. 1787, found 477.1792. 

Analysis: Calculated for C27H3sSi2NTi: C, 67.90; H, 7.39; N, 2.93 Found: C, 67.89; H, 7.64; N, 

2.52. 

Example 27 Preparatfon of (N-(i4-dlmetliylethyO-l,l-dIiiietliyl-l-((1^33a,8a-eta)- 
lA6,7-tetiiihydro-2>iiiethyl<«-indaeeii-l-yQsila]iaiiiliiato^)-N)-bis[^ 
tttanlam 



In the drybox, 0.710 g of dicbloro(N-(i,l-dimetliyl^yl)-l,l-dimethyl-l-((l,2,33a>8a-eta)- 
l,5,6,7>tetraliydro-2-methyl-s-indacen-l-yl)silananiinato(2-)-N)-titamuin (prepared according to 
US-A-S,965,756) (1.71 minol) was partly dissolved in 20 mL of toluene. To this solution, 3.6 mL 
(3.58 mmol) of LiCH2TMS (1 M in pentane) was added dropwise \i^le stirring over a one minute 
period. Solution color changed at once from red to yellow. AAct the addition of lithium reagent was 
complete, the solution was stirred for 1 hour. The solution was filtered and solvent was removed 
under reduced pressure leaving yellow, crystalline solid. The resulting solid was dissolved in 20 mL 
of hexane and solution was filtoed. The solution was put aside into a freezer overnight. The 
solvent was decanted and large yellow crystals were washed with 2x10 mL of cold hexane and then 
dried under reduced pressure to give 565 mg of product. Yield was 63.7 percent. 

'H NMR (CsDfi): 5 -0.78 (d, 2H, Vh-h = 11. 4 Hz, -C^jSiCCHj),), 0.03 (s, 9H, - 
CRiSiiCHj)!), 0.23 (s, 9H, -CH2Si(C//,)3), 0.52 (s, 3H, -Si(C/6)2), 0.66 (d, 2H, Vh-h = 1 1.7 Hz, - 
Ci/2Si(CH,),). 0.67 (s, 3H, -SKCHih), 1.29 (d, 2H, Vh-h = 1 1.1 Hz, -CftSi(CHj)j), 1.42 (d, 2H, W 
H = 1 1. 1 Hz, -C//iSi(CH3)3), 1.47 (s, 9H, C(C/6)j), 1.85 (m, 2H), 2. 10 (s, 3H), 2.73 (m, 2H), 2.82 
(m 210, 6.94, 7.40, 7.49. 

"C{'H} NMR (CsDe): 6 2.93, 3.18, 6.25, 6.50, 19.29, 26.50, 32.71, 32.77, 34.08, 58.39, 
71,84,78.85, 89.82, 113.26, 119.53, 122.11, 131.45, 134.65, 140.95, 143.47, 144.01. 

HRMS (EI): calculated for C27H»9NSi,Ti (M)* 5 19.2652. found 519.2616. 

Analysis Calculated for C27H49NSi,Ti: C, 62.39; H, 9.50; N, 2.69. Found: C, 62.46; H, 
9.84; N, 3.82. 
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Example 28 Preparation of (NK14-dImethykthyl)-ia-dlmethyl-lK(lA3>3a^-ete^ 
l,5,6J-tetrahydro-2-mediyl-s-indaGen-l-y0sllanaiiilnato(^^ 
[(dimethylsilylene)bls(methylene)] tttaninm 




In the drybox 0.632 g of dichloro(N-(l J-dimethylcthyl)-l,l-dimethyl-l-((l A33a,8a^^^ 

I, 5,6 J-teti^ydhx)-2-methyl-s-indacen-l-yl)silanaminato(2-)-^^ (1.52 mmol) was dissolved 
in 30 mL of toluene. To this solution 0.538 g (1.67 mmol) of Me2Si(CH2MgCl)2(THF)2 was added 
as a solid. After stirring the solution for 1 5 hours, the solvent was removed under reduced pressure. 
The resulting solid was dissolved in 35 mL of hexane and filtered. The solution was put into freezer 
for 2 days. Solvent was decanted and yellow crystals were washed with cold hexane. The solid was 
dried under reduced pressure to give 0.357 g of product. Yield was 54.5 percent. 

'H NMR (C6D6): 8 0.14 (s, 3H), 0.42 (s, 3H), 0.50 (dm, IH, Vh-h = 12.9 Hz), 0.59 (s, 3H), 
0.77 (s, 3H), 1.31 (s, 9H), 1.76 (p, Vh-h = 7.2 Hz), 2.00 (d, IH, Vh-h =11.9 Hz), 2.03 (d, IH, Wh = 

I I. 9 Hz), 2.03 (d, IH. = 12.6 Hz), 2.17 (s, 3H), 2.62 (m, 2H), 2.72 (m, 2H), 2.89 (dm, IH, Vh-h 
= 12.9 Hz), 6.39 (s, IH), 7.18 (s, IH). 7.65 (s. IH). 

"C{*H} NMR (CsDfi): M.71, 0.03, 6.15. 6.81, 18.72, 26.71. 32.52. 32.79, 34.93. 56.43. 
78.08, 84,96,90.50, 114.43, 119.12, 121.79, 130.25, 132.78, 138.81, 142.86, 143.38. 

Example 29 Preparatfon of (tetraiiietfaylcyclope0tadienyl)-N-(l,l-dlmethylethyl)-14- 
dlmethylsUanaininato(2-)-N]-^is[(trimethykUy0methyl]-titai^ 
H3C >^^^^^^ CH3 

HaCii.-si \ 

^CH2TMS 

In the drybox, 1.500 g of dichloro(tetramethylcyclopentadienyl)-N-(l,l-dimethylethyl)-l,l- 

dimethylsilanaminato(2-)-N]-titanium (4.07 mmol) was partly dissolved in 30 mL of hexane. To 

this mixture 8.4 mL (8.4 mmol) of LiCH2TMS (1 M in pentane) was added dropwise while stirring 

over a 1 minute period. After the addition of the lithium reagent was completed, the solution was 
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Stirred for.2 hours. The solvent was removed under reduced pressure leaving a yellow-green 
crystalline solid. The solid was dissolved in 30 mL of bexane and (he solution was filtered. Solvent 
was removed under reduced pressure leaving 1 .47 g of the desired product as a yellow solid. 

NMR (C6D6): 5 0.19 (s, 18H). 0.46 (s. 6HX 0.93 (s, 4H), 1.52 (s, 9H), 1 .94 (s, 6H), 2.03 

, 5 (s,6H). 

"C{*H} NMR (CfiDe): 5 3.10, 6.44. 12.67, 15.86, 33.88. 58.58, 72.08, 98.74. 129.29, 

132.98. 

HRMS (EI): calcuhited for CzjRisNSijri (M-CHj)^ 456.24 18, found 456.2418 
Analysis Calculated for C23H48NSi3Ti: C, 58.68; H, 10.28; N, 2.98. Found: C, 58.71; H, 
10 10.47; N. 3.04. 

Ethylene/Styrene Copolymerization 

The reaction conditions of the previous polymerization were substantially repeated 
excepting that styrene (445 g) was used in place of 1-octene. Toluene (445 g) was used in place of 
mixed hexanes. ethylene was added under a pressure of 200 psig (1 .4 MPa), the hydrogen 
15 differential pressure was 50 psig (0.4 MPa). the reactor temperature was set at 90**C. and the 
reaction time was 30 minutes. The cocatalyst for all runs was methyldi(octadecyl)ammonium 
tetralds(pentafluoro-phenyl)borate. Results are contained in Table 4. 

Table 4 

Cat./cocat. C2H4 Yield Efficiency Density 
Rim Catalyst (umoles) £gl (gl (^anTi) (?/mi) MMI 

45* CDDT** 3/ 3 31 112 1.46 0.898 3.3 

46 Ex.25 3/3 77 218 2.85 0.892 <0.1 

* comparative, not an example of the invention 
20 *♦ [l-[(1.2.2a,10b,l l.n)-lH-cyclopenta[/]phenanthren-2-yl]-NKl,l-dimet^^^^ 

dimethylsilanaminato(2-)-N]-dimcthyltitanium 
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CLAIMS 

1 . A metal complex corresponding to fhe formula: 




where M is a Group 4 metal that is in the -«-2, or -1-4 formal oxidation state; 

5 independently each occurrence is hydrogen, or a hydrocarbyl, halohydrocarbyU 

hydrocaibyloxybydrocarbyl, dihydrocarbylaminohydrocarbyl, dihydrocarbylamino, bydrocarbyloxy, 
hydrocaibylsilyl, or tribydrocarbylsilylbydrocaibyl group of fiom 1 to 80 atoms, not coimting 
hydrogen, or further optionally, two or more groups from the same or different metal complexes 
or R^ and R^* from the same or different metal complexes may be covalently linked together; 

10 R"' independently each occurrence is hydrogen, or a hydrocaibyl, halohydrocarbyl, 

hydrocarbyloxyhydrocarbyl, dihydrocarbylaminohydrocarbyl, dihydrocarbylamino, hydrocarbyloxy, 
hydrocarbylsilyl, or trihydrocarbylsilylhydrocarbyl group of from 1 to 80 atoms, not counting 
hydrogen, and optionally, two or more R°' groups from different metal complex or R° and an R^ 
from the same or a different metal complex may be covalently linked together; 

IS Z is a divalent moiety, bound to M via a covalent or coordinate/covalent bond, comprising 

boron, or a member of Group 14 of the Periodic Table of the Elements, and also comprising 
nitrogen, phosphorus, sulfur or oxygen; 

X is an anionic or dianionic ligand group having up to 60 atoms exclusive of the class of 
ligands that are cyclic, delocalized, n-bound ligand groups; 

20 X' independently each occurrence is a neutral ligand having up to 40 atoms; 

p is zero, 1 or 2, and is two less than the formal oxidation state of M when X is an anionic 
Ugand, and when X is a dianionic ligand group, p is 1; and 
q is zero, 1 or 2; 

with the proviso that one or more of the following conditions A), B) or Q, is true: 
25 A) R^' corresponds to the formula N(R°)2, wherein R^ each occurrence is aralkyl, or two R° 

groups together form a divalent hydrocarbon moiety or a halo- or silyl- substituted derivative 
thereof, said group containing from 4 to 40 atoms not counting hydrogen, and comprising at least 
one aromatic substituent, A^; 

B) Z is (R'^Si-Y-, wherein R° mdependently each occurrence is Ce-M aryl or two R° groups 
30 together are C6.20 arylene; and 

Y is bonded to M and is selected fiom the group consisting of -0-, -S-, -NR^ -PR^-; 
wherein, R^ independently each occurrence is hydrogen, or a member selected firom hydrocaibyl. 
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hydrocarbyloxy, silyU halogenated all^l, balogenated aryl» and combinations thereof, said having 
up to 20 nonhydrogen atoms; or 

C) X in at least erne occurrence is selected from the group consisting of 
tri(hydrocarbyl)silylhydrocarbyU tri(hydrocarbyl)germylhydn>carbyl, and mixtures thereof, or two X 
5 groups together are a divalent ligand g^up of the formula (JER*2hC wherein E is silicon, germanium 
or carbon, but in at least one occurrence is silicon or germanium, and R* independently each 
occurreiice is hydrogen or a group selected from silyl, hydrocaibyl, hydrocarbyloxy and 
combinations thereof, said R* having up to 30 carbon or silicon atoms, and x' is an integer from 1 
to8. . 

10 2. A metal complex according to claim 1, wherein -N(R^, is dibenzylamino or two 

R^ groups together with the nitrogen atom form a cycloaliphatic group, and at least one of the 
groups comprising R° is a single or multiple ring, aromatic group. 

3. A metal complex according to claim 1 , wherein -N(R^ is in the form of a multiple 
ring, fused, aza-cyclic group. 

IS 4. A metal complex according to claim 1 , wherein -N(R^ is 1 3-dihydro-2A^-isoindol- 

2-yl, 1 A3,4-tetrahydro-2A^isoquinolme-2-yl, l,3-dihydro-2/f-benzo[/]isomdol-2-yl, 1,3-dihydro- 
2tf-benzo[e]isoindol-2-yl, l,2,3,4-tetrahydro-2/f-benzo[^]isoquinoline-2-yl, l,2,3,4.tetrahydro-2ff- 
benzo[/]isoquinoiine-2-yl, i;2,3,4-tetrahydro-2//-benzo[A]isoquinoline-2-yl, l/T- 
benzo[</e]isoquinolin-2(3/0-yU or dibenzylamino, 

20 5. A metal complex according to claim 1 corresponding to the formula: 




where R". is phenyl, tolyl or butylphenyl; 

R' is chloro, methyl, trimethylsilyhnethyl or two R' groups together are dimethylsilylene- 
2S bis(methylene); and 

R^ is allyl, 2-(dimethylamino)ben2yl, 1,4-pentadiene or l,4-diphenyl-13-butadiene. 
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6. A compound according to claim 1 selected from the group consisting of: 

dicUoro(NKl,l-dimetbyletbyl)4a-dimeihyl-lK(l,23,^^^^ 
isoindol-2-yl)-iH-inden-l-yl)siianaminato-(2-)-N-)titanium, 

(N-(14-dimethylethyl)-Ul-dimetliyl-H(lt233a,7a-Ti>^ 
S IH-inden- 1 -yl)silanaminato-(2-)-N-)dimethyltitanium, 

dicWoro(N<14-dimethylethyl)-14-diphenyl-l-((lA33a,7a-^^^ 
2-yl)-lH-inden-l-yl)silanaminato-(2-)-N-)titanium, 

(NKl.l-dimethylethyl)-l,l^iphenyl.K(i;i33a,7a-Ti).3<l^ 
lH-inden-1 -yl)silanaminato<<2-)*N-)dimethyltitamumy 
10 dichloro(N-(l,l^limethylethyl)-14-di(4-methylphenyl)-K(l,233a,7a-^ 
2ff-isoindol-2-yl)-lH-inden- 1 -yl)silanaminato-(2-)*N-)titamum» 

(N-(l,l-dimethylcthyl).ia^i^4.methylphenyl)-l-((l,2,3,3a,7a-^^ 
isoindoi-2-yl)-lH-inden-l-yl)silanaminato-(2-)4f-)dimethyltitanii^^ 

dicWoro(N-(14Kiimethylcthyl).ia^ethyl-H(1^.33a,7a-n^^ 
1 S isoquinolin^)- IH-inden- 1 -yl)silanaminato-(2-)-N-)-titanium, 

(N-(lJ^methylethyl)-lJ-dimcthyl-H(U3.3aJa-n)-3-(3,4-^^ 
isoquinolinyl)-lH-inden-l-yl)silanaminato-(2-)-N-)-dimethyltitamum» 

dicmoro(NKl,l-dimethylethyl)-ia-diphenyl.l<(l^,3,3a,7a-T))-3<3,^^ 
isoquinolinyl)- IH-inden- 1 -yl)$ilanaminato-(2-)-N-)-titanium, 
20 (N-(l,l-dimethylethyl)-lJ-diphenyl-l-((I,23,3aJa-Ti>^ 

isoquinolinyl)-lH-inden-l-yl)silanaminato-(2-)-N-) dimethyl titanium, 

(N-(l,l-dimediylethyl)-ia-dimethyI-l-((U33a,7a-iO-3-(13^ 
IH-inden- 1 -yl)silanaminato-(2->-N-) bis(trimethylsilylmethyl) titanium, 
(NKUl'^methylethyl)-l,l-diphenyl-K(i;233aJa.Ti).3<l,3-d^ 
25 IH-inden- 1 -yl)silanaminato-(2-)-N-) bis(trimethylsilylmethyl) titanium, 
(N-(l,l-dimediylethyi)-l,l-cUphenyI-H(l,233a,7a-Ti).3 
isoqmnoUnyl)-lH-inden-l-yl)silanaminato-(2-)-N-)bis(trimethylsily 

dicUoro(N4,l-dimethyletbyl)-l,K4-butyl-pbenyl)-H(l,233a,7a-^ 
isoindol*2-yl)-lH-inden-l-yl)silanaminato-(2-)-N-) titanium, 
30 (N-l,l-dimethylethyl>l,K4Hi-butylphenyl>H(l,2,3,3a,7a-T))-3^ 
2-yl)-lH-inden- 1 -yl)silanaminato-(2-)-N-)-dimethyltitanium, 

(N-l,l-dimethylefhyl)*l,K4-n-butylphenyl)-K(l»233a,7a-ii)-3<l^ 
2-yl)-lH-inden-l-yl)silanaminato-(2-)-N-)-titanium (II) l^-pentadiene, 

(NKl.l-dimethylethyl)-I,l-di(4.n-butyIphenyl>-K(l,2,3,3a,7a-T]>^ 
35 isoindol-2-yl)-lH-inden-l-yl)silanaminato-(2-)-N-)-[(dimethylsilylene)bis(^^ 
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(N.l.l-dimcthylethyl).l,l-(4.methylphenyl).l-((1^3,3aja^ 
2-yl)-lH-inden-l-yI)silanaimnato-(2-)-N-)-bis[(trimeA^^ 

(N-(l,lKiimcthylethyl>l.l-di(4.methylphenyl)-l.((U33a^^^^ 
isoindol-2-yl)-lH-mden-l -yI)silanaininato-(2-)-N-)- [(dimethylsilylene)bis(methylene)] titanium, 
5 dicWoro(N.(14-dimethylethyl)-ia-diphenyl-K(lA33a.7a-^^^ 
inden- 1 -yl)siIaiiaminato-(2-)-N-)-titaniuin» 

(N-<l,l^mcthylethyl)-I,l-diphenyl-l-((1^33a,7a-Ti>3-(l-pyrrol^^ 
yl)siIanainiiiato-(2-)-N-)-dimethyl*titamum, 

(N-<1,1 -dimethylethyl)- 1 , 1 -diphenyl-1 -((1 A3,3a,7a-ii)-3-( 1 
10 yl)siIanamiiiato-(2-)-N0bis(trimetbylsiIylmethyl) titanium, 

dicWoro(N-(l,l^methylethyl).l,l-di(4-methylphenyl)-l-((l^ 
pyTrolidinyl)-lH-inden-l-yl)silanaminato-(2-)-N*)-titanium, 

(N-(l,l-dimethylethyl)-l,l-di(4-methylphenyl)-l-((i,2,3,3a,7a-^^ 
inden- 1 -yl)silanaminato-(2-)-N-)dimethyltitanium, 
15 [l-[(l,2,3,3a,llb-ii)-lH-cyclopenta[/]phenanthiTO-2-yl]-N-<l,l-dim^^ 
dimethylsilanaminato(2-)-N]-bis[(trimethylsilyl)metbyl]-titamum, 

[l-[(l,233a,l lb-n)4HK;yclopenta[/]phOTanthren.2.yl].NKl J-dimethylethyl)-^ 
dimethyl5ilanaminato(2-)-N]- [(dimethylsilylene)-bis(methylene)] titanium, 

(NKUi-dimethylethyl)-l,l-dimethyI-l-((l,2,3,3a,8a-eta)-l,5,6,7-tetrahy^ 
20 indacen-l-yl)silanaminato(20-N)-bis[(trimethyIsilyl)methyl]-titam 

(N-<l,l-dimefhylethyl)-l,lHlimethyl-K(l>2,33a,8a'^)-l,S,6,7-^^ 
indacen-l-yl)silanaminato(2*)-N)- [(dimethylsilylene)bis(metbylene)] titanium, and 

(tetrameihylcyclopentadienyl)-N-( 1 , 1 -dimethylethyl)- 1 , 1 •dimethylsilanaminato(2-)-N]- 
bis[(trimethylsilyl)metbyl]-titanium. 
25 7. A catalyst composition comprising (A) the metal complex of claims 1-6 and (B) an 

activating cocatalyst, or a reaction product thereof, wherein tiie molar ratio of (A) to (B) is from 
1:10,000 to 100:1. 

8. A process for polymerizing one or more addition polymerizable monomers, 
comprising contacting said monomer or a mixture of such monomers under polymerization 

30 conditions with a catalyst composition according to claim 7. 

9, A metal complex according to claim 1 , corresponding to the formula: 




-111- 



wo 01/42315 PCT/USOO/31645 

where M is a Group 4 metal that is in the +2, +3 or -M formal oxidation state; 
independently each occurrence is hydrogen, or a hydrocaibyl, halohydrocaibyl, 
hydrocarbyloxyfaydrocarbyl, dihydrocaibylaminohydrocaibyl, dihydrocarbylamino, hydrocarbyloxy, 
hydrocaibylsilyl, or trihydrocaibylsilylhydiocaibyl group of from 1 to 80 atoms, not counting 
S hydrogen, or further optionally, two or more groups from the same or different metal complex 
may be covalently linked together; 

R^ independently each occurrence is aralkyl, or two R^ groups together form a divalent 
hydrocarbon moiety or a halo- or silyl- substituted derivative thereof, said group containing from 4 
to 40 atoms not counting hydrogen, and comprising at least one aromatic substituent, A*^; 
10 Z is a divalent moiety, bound to M via a covalent or coordinate/covalent bond, comprising 

boron, or a member of Group 14 of the Periodic Table of the Elements, and also comprising 
nitrogen, phosphorus, sulfur or oxygen; 

X is an anionic or dianionic ligand group having up to 60 atoms exclusive of the class of 
ligands that are cyclic, delocalized, n-bound ligand groups; 
IS X' independently each occurrence is a neutral ligand having up to 40 atoms; 

p is zero, 1 or 2, and is two less than the formal oxidation state of M when X is an anionic 
ligand, and when X is a dianionic ligand group, p is 1; and 
q is zero, 1 or 2. 

10. A metal complex according to claim 9, wherein -N(R®)2, is dibenzylamino or two 
20 . R^ groups together with the nitrogen atom form a cycloaliphatic group, and at least one of the A^ 

groups comprising R^ is a single or multiple ring, aromatic group. 

11. A metal complex according to claim 9, wherein 'N(R°)2 is in the form of a multiple 
ring, fused, aza-cyclic group. 

12. A metal complex according to claim 9, wherein -N(R^)2 is 1 3-dihydro-2/f-isoindol- 
25 2-yl, l,2,3,4-tetrahydro*2/f-isoquinoline-2-yI, l,3-dihydro-2i/-benzo[/]isoindol-2-yl, 13-dihydro- 

2/f-benzo[e]isoindol-2-yl, l,2,3,4-tetrahydro-2ff-benzo[g]isoquinoline-2-yl, l,2,3,4-tetrahydro-2ff- 
benzo[/]isoquinoline-2-yl, l,2,3,4-tetrahydro-2tf-benzo[A]isoquinoline-2-yl, IH- 
benzo[i0]isoquinolin-2(3//>-yl» dibenzylamino, 

13. A metal complm according to claim 9 correspondmg to the formula: 
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where R". is methyl, phenyl, benzyl, tolyl or butylphenyl; 

B} is chloro, methyl, trimethylsilybnethyl or two R' groups together are dimethylsilylene- 



S bis(methylene); and 

R' is allyl, 2-(dimethylamino)benzyl, i,4-pentadiene or l»4-diphenyl-13-butadiene. 

14. A compound according to claim 9 wherein (NR^)2 is N-isoindonyl. 

15. A catalyst composition comprising (A) the metal complex of claims 9-14 and (B) an 
activating cocatalyst, or a reaction product thereof, M^iierein the molar ratio of (A) to (B) is from 

10 1:10,000 to 100:1. 

17. A process for polymerizing one or more addition polymerizable monomers, 
comprising contacting said monomer or a mixture of such monomers under polymerization 
conditions with a catalyst composition according to claim IS. 

18. A metal complex corresponding to the formula: 



15 




where M is a Group 4 metal that is in the +2, +3 or +4 formal oxidation state; 

R^ independently each occurrence is hydrogen, or a hydrocarbyl, halohydrocarbyl, 
hydrocarbyloxyhydrocarbyl, dihydrocarbylaminohydrocarbyl, dihydrocarbylamino, 
hydrocarbylsilyl, or trihydrocarbylsilylhydrocarbyl group of from 1 to 80 atoms, not counting 
20 hydrogen, or fiirther optionally, two or more R^ groups from the same or different metal complex 
are covalently bonded together; 

Z*isSiR^2; 

^ tndependoitly each occurrence is C^2o aiyl or two R'' groups together are C6.20 arylene; 
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Y is -0-, -S-, -NR^-, -PR^s and 

independently each occurrence is hydrogen, or a member selected from bydrocarbyl, 
hydrocarbyloxy, silyl, halogenated alkyl, halogenated aryl, and combinations thereof, said R^ having 
iq> to 20 nonhydrogen atoms; 

X is an anionic or dianionic ligand group having up to 60 atoms exclusive of the class of 
Ugands that are cyclic, delocalized, ic-bound ligand groups; 

X* independendy each occurrence is a neutral ligand having up to 40 atoms; 

p is zero, 1 or 2, and is two less than the formal oxidation state of M when X is an anionic 
ligand or absent, and when X is a dianionic ligand group, p is 1 ; and 

q is zero, 1 or 2. 

19. A metal complex according to claim 18, wherein two or more R^ groups are joined, 
thereby forming a n-bonded ligand containing fused rings. 

20. A metal complex according to claim 19 wherein the ic-bonded ligand is an indenyl, 
fluorenyl, tetrahydroindenyl, tetrahydrofluorenyl, octahydrofluorenyl, indacenyl, or 
cyclopenta(/)phenanthrenyl group, or a d.io hydrocarbyl-substituted, Cmo dihydrocarbylamido- 
substituted, or Cmo trihydrocarbydsilyl- substituted derivative thereof. 

21. A metal complex according to claim 18, conesponding to the formula: 
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10 



15 



20 



where R*" is phenyl, tolyl or butylphenyl; 
R' is methyl, trimethylsilylmethyl or two R* groups together are 
(dimethylsilylene)bis{methylene); and 

R^ is allyl, 2-(dimethylamino)ben2yl, 1,4-pentadiene or l,4-diphenyl-l,3*butadiene. 

22. A catalyst composition comprising (A) the metal complex of claims 18-24 and (B) 
an activating cocatalyst» or a reaction product thereof, wherein the molar ratio of (A) to (B) is from 
1:10,000 to 100:1. 

23. A process for polymerizing one or more addition polymerizable monomers, 
comprising contacting said monomer or a mixture of such monomers under polymerization 
conditions with a catalyst composition according to claim 22. 

24. A metal complex according to claim 1 corresponding to the formula: 



where M is a Group 4 metal that is in the +3 or +4 formal oxidation state; 

R^ independently each occurrence is hydrogen, or a hydrocarbyl, halohydrocarbyl, 
hydrocarbyloxyhydrocarbyl, dihydrocarbylaminohydrocarbyl, dihydrocarbylamino, 
hydrocaibylsilyl, or trihydrocarbylsilylhydrocarbyl group of from 1 to 80 atoms, not counting 
hydrogen, or further optionally, two or more R^ groups from the same or different metal complex 
may be covalently linked together; 

Z is a divalent moiety, bound to M via a covalent or coordinate/covalent bond, comprising 
boron, or a member of Group 14 of the Periodic Table of the Elements, and also comprising 
nitrogen, phosphorus, sulfur or oxygen; 

X, is an anionic ligand group, with the proviso, that in at least one occurrence X is 
trialkylsilylmethyl, having from 1 to 4 carbons in each alkyl group, or two X groups together are 
(dimethylsilylene)bis(methylene); 

X* independently each occurrence is a neutral Lewis base compound coordinated to the 
metal complex and having up to 40 atoms; 

p is 1 or 2, and is two less than the formal oxidation state of M; and 

q is zero, 1 or 2. 

25. A metal complex according to claim 24, wherein two or more R^ groups are joined, 
thereby forming a n-bonded ligand containing fused rings. 

26. A metal complex according to claim 25 wherein the ic-bonded ligand is an indenyl, 
fluorenyl, tetrahydroindenyl, tetrahydrofluorenyl, octahydrofluorenyl, indacenyl, and 
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cyclopenta(Ophenanthrenyl groups, as well as C^o hydrocarbyl-substituted, Cmo amido- 
substituted, or Cmo hydrocarbylsilyl- substituted derivatives thereof. 



27. A metal complex according to claim 24, corresponding to the formula: 



5 




R' each occurrence is trimethylsilylmethyl or two R* groups together are 
dimethylsilenylbis(methylene). 



10 28, A catalyst composition comprising (A) the metal complex of claims 24-27 and (B) 

an activating cocatalyst, or the reaction product thereof, wherein the molar ratio of (A) to (B) is from 
1:10,000 to 100:1. 

29. A process for polymerizing one or more addition polymerizable monomers, 
comprising contacting said monomer or a mixture of such monomers under polymerization 

1 S conditions with a catalyst composition according to claim 28. 

30. . A compound of the formula: 
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wherein, Y' is OR^. -SR^, "NR^R^ -PR^R^ 
R^ and R^ are as previously defined in claim 1 ; 

R^* independently each occurrence is hydrogen, or a hydrocarbyl, halohydrocarbyl, 
5 hydrocarbyloxyhydrocarbyl, dihydrocarbylaminohydrocarbyl, dihydrocarbylamino, hydrocarbyloxy, 
hydrocarbylsilyl, or trihydrocarbylsilylhydrocarbyl group of from 1 to 80 atoms, not counting 
hydrogen, and optionally, two or more R^* groups from different metal complex or R^ and an R^ 
from the same or a different metal complex may be covalently linked together; 

Z* is SiR°2, CRS, SiRSSiR^, CR^jCR^i, CR°=CR^, CR^jSiR^a. CRSSiR^CR^, 
10 SiRVR^2SiR^2, CRVrSSiR^j. CRSCRVR^2, BR^, or GeR^j; 

wherein each R^ group is hydrogen, an alkali metal cation, or a magnesium halide cation, or 
both R^ groups together are an alkaline earth metal dication; and 

R^ independently each occurrence is hydrogen, or a member selected from hydrocarbyl, 
hydrocarbyloxy, silyl, halogenated alkyl, halogenated aryl, and combinations thereof, said R° 
IS having up to 20 nonhydrogen atoms, and optionally two R^ groups may be joined together, 
with the proviso that one or both of the following conditions are true: 

1) R®* corresponds to the formula N(R^)2, wherein R^ each occurrence is aralkyl, or two R® 
groups together form a divalent hydrocarbon moiety or a halo- or silyl- substituted derivative 
thereof, said group containing from 4 to 40 atoms not counting hydrogen, and comprising at least 

20 one aromatic substituent, A*^; 

2) Z* is -(R^Si-, wherein R'' independently each occurrence is C6.20 aryl or two R*^ groups 
together are Cs.20 aiylene. 
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